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Foreword 
Stream management should really be termed watershed management.  This approach better describes where 
opportunities to improve our water resources exist.  These resources include streams, lakes, reservoirs, 
groundwater, wetlands, springs, sinkholes, and all of the associated biotic and abiotic forms associated with 
them.  Often we tend to focus management efforts on the water resource directly, forgetting the 
interconnectivity of all the parts of the watershed that make the resource sustainable over the long term. 

A stream system and all of the land that drains into it is called a watershed.  A watershed approach addresses 
the five elements of a watershed.  These are: the uplands, the floodplains, the riparian corridors, ground 
water, and the stream channels.  The uplands shed water and sediment down the slopes and when fully 
functional, maintain a natural deliver rate of each to the stream.  The floodplain is the portion of the valley 
floor submerged by flood waters during periods of heavy runoff; to be fully functional it should be sufficiently 
vegetated and available to the stream at high flow events.  The riparian (stream side) corridor is a continuous 
strip of land that parallels both sides of the stream.  This strip of land is very important because, when 
properly vegetated, it buffers the stream from the rest of the watershed and provides important fish and 
wildlife habitat functions.  This is true even in headwater streams, which may not have a floodplain.  
Precipitation infiltration throughout the watershed recharges groundwater and reduces flooding during wet 
seasons.  In turn, groundwater is essential to a watershed by providing base flows to some stream channels 
during dry periods.  Stream channels convey water and sediment down the valley and if they and their 
watersheds are mostly unaltered, they provide natural habitats.  The channels are the smallest portions of the 
watersheds but often receive the most attention, yet the condition of the stream channel is primarily a 
reflection of its watershed (uplands, floodplains, riparian corridors, and groundwater) and the activities 
occurring within it. 
 
The watershed management approach is a multi faceted strategy, as there are numerous, often conflicting 
interests and land use practices that are occurring across multiple spatial and temporal scales.  Thus, a long 
term perspective is necessary to managing land and water resources.  Landowners and other stakeholders 
should be considered in a comprehensive management plan.  Highly contentious or technically complex issues 
in watersheds such as instream flow, contaminants, impoundments, etc. may need the additional support of 
the Stream Program Coordinators and/or Policy Coordination.  This document outlines Fisheries Division 
strategies for prioritizing and working within watersheds.  
 
All of the State’s watersheds are important but they cannot all be addressed simultaneously; therefore a 
prioritization process is necessary which includes both watersheds that have been designated as aquatic-
oriented Conservation Opportunity Areas (ACOA’s) and those that have not.  Concentrating on priority 
watersheds will allow more time to get local citizens participating in and taking ownership of their watershed’s 
health.  With leadership and support from the local public, our collaborative role is to serve as a catalyst, 
provide education, technical expertise (science), and assist with administration including identifying partners 
and resources.  There are many decisions to be made throughout the watershed strategy development 
process.  Each step of this process should follow structured decision making: 

Problem Definition- What is the management decision that needs to be made?  What is the timeline 
and geographic scope of the topic? 
What are the objectives and how well have they been formed by stakeholder involvement?  If 
stakeholder input is yet to be obtained, proceed with the discussion with the understanding that this 
input must be gained before final management decisions should be made.  It is not uncommon to go 
through this collaborative process once to obtain the benefits of brainstorming in preparation for 
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obtaining stakeholder input.  However, a more thorough final decision making process must occur 
after obtaining appropriate stakeholder input.  Objectives should be quantifiable and trigger points 
should be set for initiating subsequent actions. 
Brainstorm all the possible management actions and the associated consequences of those actions.  In 
this brainstorming session identify and deal with the uncertainty of the topic, gauge the risk of the 
various alternatives and make decisions on the tradeoffs. 
Take the time to look beyond the scope of your immediate topic to evaluate how your decision may 
affect other Department decisions, stakeholders and resources. 

 
The basic outline of most regional watershed strategies should look something like this (Fig. 1): 
 
Step 1:  Evaluate and Prioritize Watersheds Regionally 
Step 2:  Comprehensive Watershed Characterization 
Step 3:  Stakeholder Involvement 
Step 4:  Goal and Objective Development 
Step 5:  Strategies for Meeting Goals and Objectives 
Step 6:  Acquire Resources to Implement Program 
Step 7:  Implement 
Step 8:  Evaluate/Monitor (and repeat steps 4-8 if necessary) 
 

 
Figure 1.  Regional watershed strategy step process.  All steps in the yellow box require communicating 
with diverse watershed stakeholders and seeking their input. 
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Step 1:  Evaluate and Prioritize Watersheds Regionally  
 
Continued decline of aquatic biota, coupled with the limited human and financial resources dedicated to 
conservation, necessitates the establishment of geographic priorities.  Without focus, limited resources could 
likely be used in a piecemeal, fragmented manner and not be sufficient to produce desired results, especially 
given the many other services and areas that MDC maintains.   
 
Prioritization should begin within the regions because of regional knowledge of the local resource and 
stakeholders.  Watersheds should be selected based on resource concerns, landowner interest, and potential 
partners.  Watersheds that overlap regional boundaries will require effective communication and cooperation 
among all involved.   
  
The overall goal of prioritizing watersheds regionally is to develop local interest across the state that will aid in 
the formation of citizen led watershed protection statewide.  This regional prioritization approach also allows 
other partnering groups to align their resources with local projects which may be of primary interest to them.  
Many of these groups, including other agencies, continually rely on our expertise for identifying priority areas 
for their stream resource work. 
 
Based on MDC’s mission, the watershed prioritization should be based on two guiding objectives; conserving 
biodiversity, and providing quality areas and opportunities for outdoor recreation.  Some significant aquatic 
areas have already been identified in the Conservation Wildlife Strategy process that identified 158 ACOA’s 
based on a representation of the diversity of watersheds, aquatic systems, and species of Missouri.  However, 
there are other watersheds that meet the biodiversity and recreational prioritization objectives that are not 
ACOA’s; so a broader approach which includes these watersheds in the prioritization process will be 
necessary.  Once candidate watersheds have been identified, there are other mandatory aspects that will 
need to be considered in the process:  1) is there enough existing local interest/participation in a designated 
target watershed or can interest be generated (local buy-in); 2) can the most significant watershed goals be 
addressed in a reasonable fashion (feasibility); and 3) can multiple priorities be met in overlapping areas?  
Three considerations for candidate watersheds are listed below.  See Appendix A for Watershed Prioritization 
Strategies. 
 
 

ACOA’s 
The ACOA’s offer a good starting point for consideration in the prioritization process.  Regional 
discretion of current conditions is required in order to assume whether an ACOA should be a regional 
priority, and how it ranks as compared to other non-ACOA priority watersheds.  The aspects of local 
buy in, feasibility, and overlap outlined in the above paragraph should assist in narrowing down 
priorities in regions with many ACOA’s.   

 
MDC Streams and Impoundments (Lakes) 
Streams and impoundments (lakes) owned or managed by MDC provide public recreation 
opportunities and support for conservation.  These lakes are heavily used and require significant 
management resources, both time and money, to maintain them.  Significant savings from reduced 
sedimentation and nutrification could be achieved by considering them in the watershed prioritization 
process.  Many watershed landowners use these areas and place a personal value on that resource, 
making local buy-in easier to achieve in these areas.  Many of these watersheds are relatively small 
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compared to other priority landscapes and therefore significant outcomes from targeted watershed 
management may be easier to achieve.   

 
High Profile Recreational Areas 
Heavily recreated rivers and reservoirs are also areas to consider when prioritizing watersheds.  These 
areas draw large numbers of Missouri citizens and non-residents to our water resources, which 
generate strong support for conservation and local economies.  The visibility and importance of these 
areas to the public and established stakeholder groups should assist with local watershed 
improvement efforts.  The size and condition of the watershed surrounding some of these areas could 
be daunting.  All of these aspects must be considered in the regional prioritization process.   

 
The outcome of this prioritization process is not meant to be an exclusive list of the only watersheds the 
Department will consider doing projects within.  Watersheds that have existing, active stakeholder groups or 
those of primary interest to the region for other reasons should be included in the prioritization process.  It is 
important to realize that not all priority watersheds will need the same amount of staff time or resources. 
Private and agency requests for assistance outside of priority watersheds may still be addressed, but resources 
will be concentrated towards target watersheds.  See Appendix B for more information on non-priority 
watershed stream assistance. 
 
Step 2:  Comprehensive Watershed Characterization 
Once target watersheds have initially been identified for prioritization, an inventory of existing watershed 
specific conditions should be conducted.  This inventory should include the experience and expertise of 
Fisheries Division staff, working with a multidisciplinary team from MDC, state and federal agencies, and local 
interests familiar with the resources of the area.  Further analysis should be conducted to verify conditions 
and diagnose watershed changes that may affect these conditions.  Comparison of time series aerial imagery 
and topographic maps using GIS, along with driving through the watershed and documenting on the ground 
conditions should be done first.  This inventory offers a generalized view of the watershed’s current and 
recent past conditions.  All physical, biological, and chemical data that is available for the watershed over time 
should be taken into account and included.  See Appendix C for Comprehensive Watershed Characterization.   
Some candidate priority watersheds may be lacking biological and or water quality data required to make a 
good assessment of current conditions, if so, further inventories may need to be conducted.  (See Appendix G 
for Monitoring and Assessment Strategies and Techniques.)  The results of this data gathering and review 
process can be compared with existing WIA’s management plans to see if the opportunities and goals are still 
relevant to that watershed (sub-watershed).  If not, the new goals identified should be used to update the 
watershed’s WIAs, as these will become valuable reference tools for watershed groups and funding sources 
like the Stream Stewardship Trust Fund (SSTF).   The results of this characterization will help to identify the 
management and policy issues that will need to be addressed or trigger a re-prioritization of the watershed. 
 
Another important part of characterizing the watershed is using human dimensions and census data to 
understand the history, culture, and memes of the citizens that live in the watershed and may influence their 
behaviors.  Instructions on how to gather and use this data are included in Appendix E. 
 
Step 3:  Stakeholder Involvement 
Before involving local stakeholders, it is important to understand the human dimension of a watershed.  This 
includes understanding the social attitudes, cultural history, and behaviors that helped to shape the land use 
of the watershed over time.  An important part of human dimensions is not just collecting the data through 
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census information and other sources, but listening to watershed landowners, considering their goals and 
concerns for their own communities and resources.  Early information sharing efforts within the watershed are 
required before the results of the historical, physical, biological and chemical characterization are 
communicated with the local stakeholders.  This includes familiarizing stakeholders with basic watershed 
principles and defining terminology that may be used throughout the process to reduce misconceptions and 
confusion.  Local stakeholders could include landowners, county commissions, water municipalities, road and 
bridge workers (MODOT and County), agricultural associations, city boards, etc.  Fundamentals on how to 
coordinate an effective watershed-based program can be found in “Achieving Private-Sector Involvement and 
its Implications for Resource Professionals”, and “Getting in Step:  Engaging and Involving Stakeholders in Your 
Watershed” see Appendix D.  Contacting Stream Teams within the watershed to encourage their involvement 
and help identifying other stakeholders is also an important step.  See Appendix E for more information on 
Effective Marketing Techniques. 
 
Continuing the many important aspects of this step throughout the watershed management process cannot 
be emphasized enough.  A lack of stakeholder or landowner involvement and agreement should trigger the 
need to re-evaluate and adjust marketing approach or, if necessary, drop a watershed to a lower level of 
prioritization. 
 
Step 4:  Goal and Objective Development 
The results of the regional watershed characterizations should help to identify and define goals and objectives, 
but stakeholder involvement is crucial in this step.  There must be local participation and ownership in forming 
the goals and objectives for the watershed.  The results of the characterization can be used to help direct 
attention to goals, but ultimately it will have to be a mutual goal of the watershed landowners and resource 
agencies/stakeholders to be successful.  Remember that the goals will be the overall intentions for the 
watershed project and the objectives will be the precise steps needed to meet the goals. 
 
All watershed project goals should ultimately address ecosystem health and resiliency.  These are a product of 
connectivity, diversity, and temporal dynamics of ecosystem processes.  Connectivity refers to the unimpeded 
movement of abiotic and biotic factors in an upstream and downstream direction; as well as, connectivity of 
the stream to riparian corridors, floodplains and groundwater.  Conserving diversity requires attention to a 
broad perspective of abiotic and biotic factors from geologic features to vegetative, invertebrate and 
vertebrate species in the watershed.  Addressing temporal dynamics in a watershed entails first identifying the 
varying conditions needed at specific times and locations to accommodate the interwoven life cycles of 
aquatic organisms; and then assessing potential or current threats to those conditions.  The objectives to 
reach ecosystem health and resiliency goals will be vast and varied.  Most objectives should attempt to 
influence one or more of the five factors of stream biotic health listed by Karr et al. (1986), those being:  water 
chemistry, stream flow, physical habitat, biotic interactions, and energy sources.  Long-term goals and 
objectives such as maintaining aquatic biodiversity will require a longer-term assessment than is commonly 
associated with grants and other funding sources.  Short-term objectives related to altering sources of 
stressors within the watershed should be developed for most grants and similar funding sources.  
 
 
Step 5:  Strategies for Meeting Goals and Objectives 
Management activities and practice development should specifically address the watershed objectives 
identified in Step 4.   
Practices:  Protection, Enhancement, and “Restoration” 
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The most effective and cost efficient way to achieve watershed health is to protect areas that are already 
functional, healthy and intact.  The second method would be to enhance areas that could easily be 
rehabilitated to provide full watershed function.  Typically, the least effective and cost efficient methods of 
achieving watershed-wide health are in-channel “restoration” efforts.  As such, watershed project practices 
should reflect these principles.  The term restoration infers that an area can be brought back to its original 
unaltered state.  Most restoration efforts in stream literature would more aptly be referred to as renovations 
rather than restorations, as a completely new condition is created with the intent of providing functions that 
were assumed to have been there before alterations.   
 

Protection 
A large majority of protection practices will be in the form of watershed wide educational efforts.  
These efforts should be watershed-specific, explaining the causes of the existing condition both 
spatially and temporally, and how to best protect the watershed.  Other examples of practices that 
would fall under protection would be riparian protection easements, greenways, storm water codes, 
sewer and septic standard codes, etc.  Even though these practices often take a long time to 
accomplish and are not very showy; ultimately it is these protection practices that should be 
emphasized because they are the foundation of long term watershed health. 

 
Enhancement 
Enhancement practices can be used in conjunction with protection practices (i.e. educational efforts, 
riparian easements, and riparian corridor re-establishment).  Again, by developing practices around 
specific watershed conditions, results are more readily achieved.  Examples of enhancement projects 
include improving and restoring riparian buffers, livestock fencing, alternative watering, improving 
roads, retrofitting existing wastewater facilities, removing fish passage barriers, grade control, etc.  
These projects require large scale landowner participation in order to have marked watershed results. 

 
“Restoration”/Renovation 
In-channel restoration/renovation practices should be considered only after the causes of the adverse 
stream conditions have been addressed successfully.  These practices tend to treat the symptoms 
rather than the cause, and therefore do little to improve watershed health when used without widely 
adopted protection and enhancement practices.  Examples of these practices include structural stream 
bank stabilization, in-stream habitat structures, and reach channel restorations/renovations.  Often, 
these practices are unnecessary if protection and enhancement practices are successfully implemented 
and the system is allowed to recover on its own.  Refer to Stream Improvement Certification and Rock-
Based Bank Stabilization and Grade Control Policies when considering these practices Appendix H. 

 
Step 6:  Acquire Resources to Implement Program 
Because of the specificity of the objectives and practices that may be unique to a given watershed, new 
resources outside of, and in addition to, existing programs may need to be acquired.  The watershed group 
should work together to research grants, donors, and other potential sources of support for the program.  See 
Appendix F for links to potential funding resources. 
 
Step 7:  Implement 
An implementation plan should also be developed to pinpoint targets within a watershed where specific 
practices should be used.  These practices developed with a marketing process, will then need to be 
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successfully administered to their target audience.  (Refer back to Appendix E for Effective Marketing 
Techniques if necessary.) 
 
Step 8:  Evaluate (and repeat steps 4-8 if necessary) 
Monitoring and evaluating the watershed project is an essential step to this entire effort.  With monitoring 
much can be learned from project successes and failures, which will aid in prospective watershed projects.    
Monitoring and evaluation should be focused primarily on management efforts, stakeholder 
participation/satisfaction, and watershed condition.  A straightforward method of monitoring is to monitor the 
sign up rate for practices in a target watershed.  A more difficult way attempts to demonstrate a measurable 
change in the target watershed’s conditions, presumably from the new watershed practices.   This could be a 
direct measure of the condition, or an indirect measure, such as biological monitoring, or both.  Ideally, both 
of these monitoring and evaluation techniques would be done prior to the installment of the watershed 
project practices, as well as at certain time periods within the project.  Because watershed-specific practices 
will vary from one watershed to the next, monitoring protocols may be somewhat different depending on the 
outcomes to be measured.  Another important evaluation is stakeholder satisfaction.  The outcome of this 
evaluation can help to streamline current and future stakeholder watershed management building efforts.  For 
Monitoring and Assessment Strategies and Techniques see Appendix G. 
 
Conclusion 
By prioritizing watersheds, MDC can take a proactive approach in establishing cooperation amongst 
stakeholders by offering watershed-specific education, assistance, and resources.  Every watershed project is 
likely to be somewhat unique, which requires flexibility and innovation.  To facilitate regional staff with the 
adoption of this approach to watershed management, various training courses will be developed and 
provided.  This approach not only allows local citizens to be responsible for their stream resources, it also 
provides more partnering opportunities in the way of financial resources.  Some watershed projects may not 
get off of the ground because of lack of common local interests.  Others may already be well on their way, 
with little need of MDC’s assistance.  Because of this, it is important to remember that this is a dynamic 
process that must continually be re-evaluated for relevance within a watershed with regards to the interest of 
all of the watershed stakeholders.  It is also important to remember that this document and especially its 
appendices, which contain the strategies of watershed management, should be considered living documents 
and updated with new and more relevant information as it becomes available. 
 
 
Literature Cited 
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APPENDIX A:  WATERSHED PRIORITIZATION STRATEGIES 
Lynn Schrader, Dave Mayers, John Fantz  

January, 2010 
 
1) Background/Need:  Continued decline of aquatic biota, coupled with the limited human and financial resources 

dedicated to conservation, necessitates the establishment of geographic priorities (i.e., need to identify focus areas). 
Without focus, limited resources could likely be used in a piecemeal, fragmented manner and not be sufficient to 
produce desired results, especially given the many other services and areas that MDC maintains.  

2) Purpose/Goal:  The process for prioritizing watershed conservation must be flexible enough to account for the 
diversity of situations and resources which exist across the state but definitive enough to allow regional staff to feel 
confident in their commitment of MDC resources.  Therefore, these guidelines help define the process, yet flexibility 
and discretion of their use by the regions is expected.  Also, the outcome of this prioritization process is not meant 
to be an exclusive list of the only watersheds within which the Department will consider doing projects.  Private and 
agency requests for assistance outside of priority watersheds will still be addressed (Appendix B), but MDC 
resources will be concentrated towards priority watersheds.   

3) Objectives: Based on MDC’s mission, watershed prioritization should be based on two guiding objectives; conserving 
biodiversity, and providing quality areas and opportunities for outdoor recreation.   
a) Biodiversity objectives:  Some significant aquatic biodiversity areas have already been identified in the 

Comprehensive Wildlife Strategy process that identified 158 aquatic-oriented Conservation Opportunity Areas 
(ACOAs) based on a representation of the diversity of watersheds, aquatic systems, and species of Missouri.  
Due to the large number of ACOAs, MDC can not realistically conserve all of them at one time; however, we 
must make steady progress towards protecting the aquatic biodiversity in as many ACOAs as possible. 
Therefore, the original list of ACOAs needs to be examined for relevancy, adjusted as appropriate, and then a 
subset of a manageable number should be identified as priority ACOAs for focus and commitment of MDC 
resources. 
i) ACOA watersheds 

(1) See executive summary of Nigh (2005) for the fundamental principles and processes that guided ACOA 
selection (MDC Sharepoint, Resource Science).  See summary by D. Figg for definitions of 
Comprehensive Wildlife Strategy (CWS) vocabulary (MDC Sharepoint, Resource Science). 

(2) Checking for Relevance and Changing of an ACOA:  A currently selected ACOA may no longer be an 
appropriate option to meet its objective. Possible reasons could include extreme changes in land use 
preventing realistic opportunities for conservation, or Aquatic Gap Model inaccuracies of species 
distribution. If analysis of prioritization criteria suggest an ACOA to be in such condition and a very low 
priority, it may be appropriate to recommend another ACOA be selected to represent its particular 
aquatic ecological system (AES).  Further administrative guidance is needed to coordinate with the CWS 
for the changing of an ACOA.  

ii) Species Of Conservation Concern (SOCC) watersheds 
(1) For example, federally endangered species legally require conservation action.  A watershed 

conservation approach is usually critical to aquatic species conservation, so these watersheds will likely 
be high priority. 

b) Recreational fisheries objectives: 
i)  MDC Streams and Lakes - Streams and lakes owned or managed by MDC provide public recreation 

opportunities and support for conservation.  These lakes are heavily used and require significant 
management resources, both time and money, to maintain them.  Significant savings from reduced 
sedimentation and nutrification could be achieved by considering them in the watershed prioritization 
process.  Many watershed landowners use these areas and place a personal value on that resource, making 
local buy-in easier to achieve in these areas.  Many of these watersheds are relatively small compared to 
other priority landscapes and therefore may have more significant outcomes from targeted watershed 
management.   

ii) High Profile Recreational Areas -Heavily recreated rivers and reservoirs are also areas to consider when 
prioritizing watersheds.  These areas draw large numbers of Missouri citizens and residents from other 
states to our water resources, which generate strong support for conservation and local economies.  The 
visibility and importance of these areas to the public and established stakeholder groups could assist with 
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watershed improvement efforts.  The size and condition of the watershed surrounding some of these areas 
could be daunting.  All of these aspects must be considered in the regional prioritization process.   

c) Statewide administrative guidance for objectives:  
i) Because MDC Regions are human political boundaries, MDC staff distribution and assignments may not be 

geographically concentrated in the same proportions as watershed conservation priorities.  Therefore, each 
region may need to adjust staff distribution, their work assignments, or priority watershed selections to 
achieve appropriate workloads for available staff and budgets.   

ii) A review from a statewide perspective also may be needed to confirm that the highest priority and/or a 
desired distribution of watersheds are selected for conservation action.  For the biodiversity objective, 
regions should communicate with each other to ensure selection of one watershed from each Ecological 
Drainage Unit or Pflieger’s Aquatic Faunal Regions and their Divisions (see attached map).  The coverage 
of a given percentage of all target species may be also appropriate for a statewide objective and review.  For 
a recreational objective, ensuring selection of each type of fishery within a region, or coverage of the best 
statewide examples may be appropriate. 

iii) To effectively plan and implement management strategies, watersheds should not be of too large of size.  
Documentation shows that a 30,000-acre (or a HUC 12) watershed (or a watershed with less than 80 
landowners) is about as large as can be effectively managed.  If a larger watershed is a priority, effort should 
be focused within one or a few smaller subwatersheds at one time until all subwatersheds are addressed 
(e.g., Middle Meramec River COA).  In this manner, cumulative objectives for the larger watershed can be 
achieved over time. An exception to this approach might be when critical strategies are very few and 
focused, for example, aquatic organism passage barrier removal within range of the Niangua darter. 

4) Watershed Prioritization Criteria and Process:  These criteria are split into three categories; the first pertinent to a 
biodiversity objective, the second pertinent to a recreational fishery objective, and the third possibly applicable to 
both objectives.  This is not a complete list of all possible criteria that could be considered, nor is each criterion 
stated in great detail.  Some criteria are intentionally ambiguous thus local knowledge, discretion, and adaptation 
of criteria are important and expected for best use.  The matrix attached is an example of how to visually compile 
and organize known watershed information and it is not meant to produce a rank or score.  Additions or deletions of 
selection criteria may be necessary depending on regional discretion.  Below are the details of the criteria included 
in the example matrix. 
a) Biological Criteria for Biodiversity Objective:  Because the objective is biodiversity conservation, this portion is 

based on measures of biodiversity, as was done with the initial selection of the ACOAs.  The initial selection of 
ACOAs considered the biodiversity along with the amount of public land and human stressors within the areas 
(Nigh, 2005).  The criteria below are options for further prioritizing watersheds based on their biodiversity. 

Total Number of Predicted Species for the Watershed:  This is the number of fish, crayfish, and mussel 
species predicted by the MORAP Aquatic Gap project model which was derived from MDC and other fish 
collection data correlated with extensive physical data on watershed geology, stream size, stream 
temperature, and stream flow (Sowa et al, 2007).  More species predicted for a watershed should suggest a 
greater value and therefore priority for conservation.  Keep in mind that this data is specific only to Aquatic 
Ecological Systems (AES) and include an area much larger than the targeted watershed of interest.  (For 
instructions see Guide sheet #8 in Appendix C).  
Total Number of Targeted Species for Watershed:  Targeted species are a subset of predicted species which 
are: a) endemic or characteristic of the Ecological Drainage Unit (EDU); b) species of concern (federal and 
state listed species); or c) play an important/unique ecological role per Pflieger (1989).  More target species 
within a watershed should suggest a greater value and therefore priority for conservation.  Again, this data 
is specific only to AESs and include an area much larger than the targeted watershed of interest.  (For 
instructions see Guide sheet #8 in Appendix C).  
Irreplaceability Values:  The definition of irreplaceability is “the likelihood that a given site will need to be 
protected to achieve a specified set of targets or, conversely, the extent to which options for achieving these 
targets are reduced if the site is not protected” (Diamond, 2005).  This value helps identify critical locations 
where conservation action will provide the greatest initial return for the effort expended.   Again, this data is 
specific only to AESs and include an area much larger than the targeted watershed of interest.   MORAP data 
based on native fish, crayfish, and mussel species were used for the analyses.  (For instructions see Guide 
sheet #9 in Appendix C). 
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Current Biological Condition:  IBI score or other biological health assessment value to give higher priority to 
most healthy watersheds.  This criterion would only apply where these scores are already available unless 
further sampling is conducted. 

b) Criteria for Recreational Objective:  These criteria can help prioritize areas for watershed management activities 
to conserve recreational fisheries.  With this objective, the first prioritization “cut” should be based on the three 
components of a sport fishery:  the sport fish population(s), the watershed-scale habitat, and the recreational 
users.  The criteria below are options for further prioritizing watersheds based on recreation. 

Quality of Sport Fish Population:  Based on PSD and RSD values, MDC survey CPUE, angler CPUE, etc. 
Designated as a Special Management Area (SMA) or “Trophy” fishery (e.g., red or blue ribbon trout area, 
smallmouth bass SMA, other unique fishery). 
New or unique management activities being implemented (e.g., angler regulation, fish stocking) 
Importance to Anglers:  Based on angler effort or opinions measured with creel surveys, etc. 
Economic Importance:  Based on economic value of angler trips, marinas, guide services, canoe liveries, etc. 
Land use:  Percent of the watershed (area affecting the biological objective) in natural vegetation (usually 
wooded or native grassland) and/or in public ownership to indicate condition of watershed and level of 
protection available.  (For instructions see Guide sheet #2 in Appendix C) 
Unaltered or minimally altered physical attributes (e.g., 1) appropriate stream size, stream gradient, stream 
temperature, spring contribution to flow for smallmouth bass fishery, minimal channelization or other 
channel alterations, or 2) watershed ratio, maximum depth, etc. for lake fishery) to support species 
biological objectives. 
Do planned management activities for the watershed have a holistic approach without encouraging just a 
few species? 

c) Other Criteria for Biodiversity and/or Recreational Objectives:  Specific categories are not required for criteria 
below, although some categories (e.g. high medium, low) are offered as examples.  Each region could assign its 
own categories based on local circumstances and knowledge. 

Human Threat Data:  Latest spatial Aquatic Gap data on potential threats statewide.  Each threat can be 
mapped within the watershed.  Caution must be used as some threats are listed by address of business and 
not necessarily source of stress and visa versa, so verification may be necessary.  (For instructions see Guide 
sheet #3 in Appendix C). 
Immediacy of Threats:  Best professional judgment if threats are immediate, near, distant, or non-existent. 
Permanency of Threats:  Best professional judgment of the realistic and practical ability to reverse the 
impact of the threats. 
Ability to Develop and Sustain Social and Political Will: Based on survey results if available, or based on other 
insight to stakeholder attitudes and desires from experience. 
Multiple Aquatic Resource Priorities Addressed: Number of other aquatic resource priorities that also exist 
within the watershed (e.g., species of concern, special management areas, ACOA, relatively close stream 
connectivity with another priority watershed). 
Potential Partners: Significance or level of contribution of partners for conservation funding, planning, 
projects, etc. 

 
Literature Cited:  
Diamond, D.  2005.  Development of conservation focus area models for EPA Region 7.  Regional geographic initiative 

report.  Missouri Resource Assessment Partnership.  Columbia, Missouri, USA. 
 
Nigh, T.A. 2005. Missouri Department of Conservation aquatic biodiversity assessment. Missouri Department of 

Conservation, Jefferson City, Missouri, USA. 
 
Pflieger, W.L. 1989. Aquatic community classification system for Missouri. Aquatic Series Number 19.  Missouri 

Department of Conservation, Jefferson City, Missouri, USA. 
 
Sowa, S.P., G. Annis, M.E. Morey, and D.D. Diamond. 2007. A gap analysis and comprehensive conservation strategy for 

riverine ecosystems of Missouri. Ecological Monographs. 77:301-334.  
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Possible Priority Watershed Selection Criteria 
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Total Number of Predicted Species for Watershed: Based on MORAP Aquatic Gap Model derived from 
MDC fish collection data, this data is only available for designated ACOAs (note: this data is derived 
from AES units which are likely larger areas than the targeted watershed of interest). 
Total Number of Targeted Species for Watershed: Subset of Predicted Species which is endemic or 
characteristic of the EDU, a species of concern, or play an important/unique ecological role per 
Pflieger (note: this data is derived from AES units which are likely larger areas than the targeted 
watershed of interest) .   
Irreplaceability Values:  MORAP data for fish, crayfish, mussels, and total (note: this data is derived 
from AES units which are likely larger areas than the targeted watershed of interest).  This data is only 
available for ACOA’s 
Current Biological Condition:  IBI score or other biological health assessment value to give higher 
priority to most healthy watersheds (if available). 
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Quality of Sport Fishery Population:  Based on PSD and RSD values, MDC survey CPUE, angler CPUE, 
etc. if available. 
Designated as a Special Management Area (SMA) or “Trophy” fishery (e.g., red or blue ribbon trout 
area, smallmouth bass SMA, other unique fishery). 
New or unique management activities being implemented (e.g., angler regulation, fish stocking). 

Importance to Anglers: Based on angler effort or opinions measured with creel surveys, etc.  
Economic Importance: Based on economic value of angler trips, marinas, guide services, canoe 
liveries, etc. (High, Med, or Low) 
Landuse:  Percent of watershed in natural vegetation and/or in public ownership. 
Unaltered or minimally altered physical attributes (e.g., stream size, stream gradient, stream 
temperature, spring contribution to flow) to support species biological objectives. 
Do planned management activities for the watershed have a holistic approach without encouraging 
just a few species? 

O
th

er
 C

ri
te

ri
a 

fo
r 

Bi
od

iv
er

si
ty

 
an

d/
or

 R
ec

re
at

io
na

l 
O

bj
ec

ti
ve

s 

Human Threat Data:  Latest spatial Aquatic Gap data mapped within watershed for number and 
location of threats in database. 
Immediacy of Threats:  Best professional judgment if threats are immediate, near, or distant. 
Permanency of Threats:  Best professional judgment of the realistic and practical ability to reverse the 
impact of the threats. 
Ability to develop and sustain social and political will based survey results and other insight to 
stakeholder attitudes and desires. 
Multiple Aquatic Resource Priorities Addressed:  Number of other aquatic resource priorities that also 
exist in the watershed (e.g. species of concern, special management areas, ACOA, stream connectivity 
with other priority watershed). 
Potential Partners: Contribution of partners for conservation funding, planning, projects, etc. 
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Possible Priority Watershed Selection Criteria Worksheet: 
Watershed Name     
Watershed Area in sq miles     
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Total Number of Predicted Species for 
Watershed  

    

Total Number of Targeted Species for 
Watershed:  

    

Irreplaceability Values: Fish, Crayfish, 
Mussels, Total (only available for COAs) 

    

Current Biological Condition: IBI score or 
other biological health assessment value (if 
available). 
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Quality of Sport Fishery Population: PSD and 
RSD values, MDC survey CPUE, angler CPUE, 
etc. 

    

Designated as a Special Management Area 
(SMA) or “Trophy” fishery (e.g. red or blue 
ribbon trout area, smallmouth bass SMA, 
other unique fishery). 

    

New or unique management activities being 
implemented (e.g. angler regulation, fish 
stocking).  

    

Importance to Anglers: Angler effort and 
opinions. (High, Med, or Low) 

    

Economic Importance: Based on economic 
value of angler trips, marinas, guide services, 
canoe liveries, etc. (High, Med, or Low) 

    

Landuse: Percent of watershed in natural 
vegetation and/or in public ownership. 

    

Unaltered or minimally altered physical 
attributes (e.g., stream size, stream gradient, 
stream temperature, spring contribution to 
flow) to support species biological objectives. 

    

Do planned management activities for the 
watershed have a holistic approach without 
encouraging just a few species? (Yes or No) 
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Human Threat Index (use map and denote # 
and kind of threats) 
 
 
 
 
 
 
 
 
 
 

    

Immediacy of Threats. (Immediate, near, or 
distant) 

    

Permanency of Threats. (Irreversible, long-
term, short-term) 

    

Ability to develop and sustain social and 
political will based survey results and other 
insight to stakeholder attitudes and desires. 
(High, Med, or Low) 

    

Number of Other Aquatic Resource Priorities 
Addressed.  

    

Contribution of Potential Partners.      
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Possible Priority Watershed Selection Criteria Example Worksheet: 
Watershed Name Watershed A Watershed B Watershed C Watershed D 
Watershed Area in sq miles 52m 100m 86m 30m 
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Total Number of Predicted Species for 
Watershed  

45 37 35 52 

Total Number of Targeted Species for 
Watershed:  

2 2 3 3 

Irreplaceability Values: Fish, Crayfish, 
Mussels, Total (only available for COAs) 

N/A F:.0057, M:.0003, 
C:.003, T:.009 

F:.0060, M:.0001, 
C:.003, T:.0091 

N/A 

Current Biological Condition: IBI score or 
other biological health assessment value (if 
available). 

N/A N/A N/A N/A 
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Quality of Sport Fishery Population: PSD and 
RSD values, MDC survey CPUE, angler CPUE, 
etc. 

High High Medium N/A 

Designated as a Special Management Area 
(SMA) or “Trophy” fishery (e.g. red or blue 
ribbon trout area, smallmouth bass SMA, 
other unique fishery). 

No No Yes No 

New or unique management activities being 
implemented (e.g. angler regulation, fish 
stocking).  

No No Yes No 

Importance to Anglers: Angler effort and 
opinions. (High, Med, or Low) 

High High High High 

Economic Importance: Based on economic 
value of angler trips, marinas, guide services, 
canoe liveries, etc. (High, Med, or Low) 

Med Low High Med 

Landuse: Percent of watershed in natural 
vegetation and/or in public ownership. 

22% ~15% 30% <10% 

Unaltered or minimally altered physical 
attributes (e.g., stream size, stream gradient, 
stream temperature, spring contribution to 
flow) to support species biological objectives. 

High Medium Medium Low 

Do planned management activities for the 
watershed have a holistic approach without 
encouraging just a few species? (Yes or No) 

Yes Yes Yes Yes 
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Human Threat Index (use map and denote # 
and kind of biggest threats) 
 
 
 
 
 
 
 
 
 
 

50 headwater 
impoundments, 3 
abandoned coal 
mines, 4 major 
dams, 10% high 
pesticide use, low 
impervious, low 
channelization, 
one CAFO 

60 headwater 
impoundments, 2 
Superfund sites, 16 
active coal mines, 
10 NPDES, medium 
impervious 

35 headwater 
impoundments, 6 
major dams, 5 
NPDES, 1 airport, 
3-303D listings 

65 headwater 
impoundments, 
high 
channelization, 15-
303D listings, 6 
CAFO’s, 40% high 
pesticide use 

Immediacy of Threats. (Immediate, near, or 
distant) 

N/A Distant Near Immediate 

Permanency of Threats (Irreversible, long-
term, short-term) 

N/A Long term Short term Irreversible 

Ability to develop and sustain social and 
political will based survey results and other 
insight to stakeholder attitudes and desires. 
(High, Med, or Low) 

? ? High Low 

Number of Other Aquatic Resource Priorities 
Addressed . 

3 2 0 2 

Contribution of Potential Partners.  Significant Medium Medium Low 
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Aquatic Faunal Regions Described 
 

Big River   This faunal region includes the Missouri and Mississippi Rivers and the adjacent standing waters that are subject to frequent flooding by these rivers. 
Lowlands   This faunal region encompasses the alluvial plains of the bootheel of Missouri and generally has less than 10 feet of surface relief. 
Ozark   This faunal region includes all of Missouri south of the Missouri River bounded by the Lowlands Faunal Region to the southeast and the Prairie Faunal 
Regions to the north and west and contain the following divisions. 

Ozark Black   This division includes all streams of the Black River System within the Ozark Uplands Physiographic Region. 
Ozark Mississippi   This division includes direct tributaries of the Mississippi River from the Meramec system south to Cape Girardeau. 
Ozark Missouri   This division includes all streams of the Ozark Region that drains into the Missouri River. 
Ozark Neosho   This division includes all streams of the Neosho drainage (Arkansas River System) in Southwest Missouri excluding northern tributaries of 
the Spring River System. 
Ozark Southeast   This division includes streams of the St. Francis and Headwater Diversion stream system. 
Ozark White   This division includes all streams of the White River Drainage in the southern Ozarks. 

Prairie   This faunal region includes most of Missouri north of the Missouri River and a wedge shaped area south of the river along the Kansas state line and 
contains the following divisions. 

Prairie Lower Missouri   This division includes prairie streams that are direct tributaries to the lower Missouri River, upstream and to and including 
Perche Creek north of the Missouri River and the Lamine/Blackwater south of the Missouri River. 

 Prairie Mississippi   This division includes all streams that drain into the Mississippi River upstream from the mouth of the Missouri River. 
 Prairie Neosho   This is a very small division of the Prairie Faunal Region.  It includes the Little North Fork and North Fork of the Spring River drainage. 
 Prairie Osage   This division includes all of the Osage drainage that occurs in the Prairie Region. 
 Prairie Upper Missouri   This division includes all streams of the Missouri River drainage west of Perche Creek and the Lamine/Blackwater systems. 
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Appendix B:  Stream Assistance on Non-Priority Watersheds 
Darren Thornhill, Tom Priesendorf, Jerry Wiechman 

 

All watersheds in Missouri have great value and each should be managed to promote responsible and sustainable land 
uses; however, limited resources restrict our (MDC) staff from providing technical assistance to all those requesting 
help.  This fact requires us to prioritize watersheds and focus our resources where the greatest conservation benefits 
may be realized.  Understanding this, we must provide some level of assistance to various interest groups (e.g., USCOE, 
MODOT, NRCS, municipalities, landowners, legislators, user groups, etc.) as stream issues arise in non-priority 
watersheds.   Our technical support to other resource agencies has long been a valued tradition, and our involvement in 
404/401 permits, gravel mining issues, bridge replacements, aquatic organism passage barrier removal and other 
important developments should remain a priority.  The key is determining what level of assistance is appropriate for 
each unique issue when requests for assistance occur on non-priority streams.   

For guidance on responses to fish kills or pollution reports in non-priority watersheds consult the MDC Fish Kill/Pollution 
Response Policy.  

The majority of the state lies outside of the boundaries of MDC’s priority watersheds, therefore, the majority of non-
MDC generated requests are likely to come from landowners in non-priority watersheds.  Despite this fact, regions 
should not be routinely providing substantial assistance within non-priority watersheds as most of our resources will be 
devoted to priority watersheds.  Remember that while we may not be able to devote much time or money to many of 
these requests, each contact is an opportunity to educate interested parties on general causes and solutions to 
streambank erosion.  Sometimes this can be handled over the phone or with a letter, and does not always require an 
onsite visit.  These contacts should also be referred to Private Lands Conservationists to help guide them through 
programs that other agencies may be able to provide to assist them (ie. NRCS CP22, EQIP, etc).   

Many requests for stream assistance involve a desire for streambank stabilization.  Streambank erosion is a natural 
process in streams as they attempt to balance changes in movements of water and sediment from the surrounding 
watershed.  Structural streambank stabilization is usually costly and rarely provides a good solution as it merely treats 
the symptom and not the cause.  In fact, sometimes the stabilization moves the symptom (erosion) to other areas of the 
stream.  Responsible bank stabilization efforts must account for the underlying cause(s) of channel instability.  The costs 
of structural stabilization are generally not justified from a resource perspective, and therefore we should handle them 
as a lower priority.    

To streamline the entire process of non-priority stream contacts, biologists should consult the following flow chart.  
There may be special exceptions that would not follow these general guidelines.  Additionally, it is highly recommended 
that biologists consult the Stream Management Workshop (Streams 101) manual for examples of diagnostic questions 
to ask landowners prior to making site visits.  Writing follow-up letters and plans for common, simple recommendations 
(e.g. excluding livestock, increasing riparian corridor width, etc…) after site visits or phone contacts can be very time 
consuming but is often helpful, it is recommended that when needed, biologists use a fill in form letter to provide 
landowners immediate recommendations (an example form letter is attached).  

(See Flow Chart on next page) 
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Initial Contact 

Request for Assistance 
on Stream Erosion 

Issue

Collect General 
Information

Stream Name, Issue Location, 
Stream Property Owner(s), 
Involved Parties, Suspected 
Cause(s) of Erosion, Specific 

Request to MDC

Issue Located in a 

High Priority 
Watershed

Follow  guidelines for  
priority watersheds in 

this  plan ( see 
Appendices A, C-H)

Issue Located in a 

Non-Priority 
Watershed

Collect stream information  
available without a site 

visit
Consult Stream Management 

Workshop (Streams 101) manual 
for diagnostic questions.

Involves:

404 Permit, 
cooperating resource 
agencies, county or 
municipal officials, 

legislators

Provide judicious level 
of assistance with, if 
needed, consultation 
of Regional Fisheries 

Supervisor

Provide Requesting Party 
with: 

potential causes of erosion, 
common strategies to 

address thoses causes, and 
alternate technical or 

funding assistance  
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Appendix C:  Comprehensive Watershed Characterization 
Ange Corson, John Fantz, Nate Gosch, and Justin Schaefer 

 
Using the watershed approach in stream management is crucial to identifying and addressing stream 
issues.  All too often, focus is on the stream channel instead of the watershed as a whole (i.e., uplands, 
floodplains, riparian corridors, channels, and ground water).  Typically, this is an inefficient method that 
treats the symptom instead of the real cause of stream issues.  The purpose of this characterization is to 
provide people with the tools necessary to implement the watershed approach to stream management.  
This entails characterizing watersheds by using physical, biological, water quality, land use, and temporal 
data.  This process will help highlight potential opportunity areas for protection, enhancement, and 
restoration within these watersheds. 
 
GIS is a powerful tool for stream management; however, this software can be overwhelming to those 
with limited GIS experience.  This instructional guide has been developed to enable people with little or 
no GIS experience to use this software to gather information for watershed projects.  Employing these 
GIS techniques will allow biologists to familiarize themselves with their project watersheds, identify 
areas that need more in-depth investigation, and present meaningful information to watershed 
stakeholders.  It is also useful for tracking watershed projects over time.   
 
The data needed for these guides is housed on external hard drives provided to the regions.  The Data 
Structure Layout shows the available data and paths to access it, as well as an index on the second tab 
with metadata.  The guide sheets begin with instructions on how to build and use some basic watershed 
GIS projects; then the windshield tour details instructions on verifying, observing, and documenting 
current watershed conditions.  This guide is only meant to provide the basic GIS and database tools; 
however, there are many datasets available that can be explored for your watershed project.  Further 
instruction may be necessary for more in-depth and robust applications.  These guide sheets build upon 
each other and are best used in order (i.e., Guide Sheet 2 starts where Guide Sheet 1 ends).  All guide 
sheets will not be applicable to all situations; they are only offered as suggestions to help with common 
watershed project needs.  This is a living document that will be updated with new technologies, data, 
and suggestions from staff.  Please contact Stream Unit West for suggestions or questions. 
 
Table of Contents: 
 
Instructions for Mapping to a Drive 
 (Setting up your computer to read the data on an external hard drive on a different computer) 
Data Structure Layout and Index 
 (Reference table of data, where it is located, and what it is) 
Guide sheet 1.  GIS Watershed Characterization 
 (Watershed delineation and basic characterization using GIS datasets) 
Guide sheet 2.  Watershed Landuse  

(Using landcover data to get a basic understanding of land use in the watershed) 
Guide sheet 3.  Human Threat Index data 
 (Locating and identifying the potential human threats within the watershed) 
Guide sheet 4.  Creating a Windshield Tour Map 
 (Creating a map to road stream crossing observation points in the watershed)  
Guide sheet 5.  Field Notes 
 (Using databases and GIS to keep track of field observations)  
Guide sheet 6.  Displaying Aquatic Records 
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 (Searching existing databases for biological records within a watershed) 
Guide sheet 7.  Generic Aquatic Organism Passage (AOP) Inventory 

(An inventory sheet and database to use as a template if conducting AOP inventories in the 
watershed) 

Guide sheet 8.  Calculating Total Predicted, Targeted Species, and Habitat Suitability Index (HSI) by 
Aquatic Ecological System (AES) 

 (Instructions on how to get these biological criteria values to help prioritize in Appendix A) 
Guide sheet 9.  Locating Irreplaceability Values 
 (Instructions on how to find this biological criteria value to help prioritize in Appendix A) 
Water Quality Databases List 
 (A list of the water quality data and sources for the state) 



Instructions for Mapping to a Drive 
 

1.  Begin at the computer which houses the drive that you wish to map to.  Open Windows Explorer and right click on 
the drive to be shared.  This only needs to be done once on that computer for all other computers to be able to access 
the drive (skip to step 2 if this has already been done). 
 
 a.  Click on “Sharing and Security” 
 b.  Then click the box next to “Share this folder” 
 c.  Allow it to default to maximum allowed 
 d.  Then click O.K. at the bottom 
 e.  If you receive an error message you will need to contact IT to change the privileges that you have so that the 

drive can be shared.  I recommend contacting Shaun Zimmerman as he is familiar with this process. 
 
2.  Now go to the computer(s) that are attempting to access the drive. 
 
 a.  Right click on My Network Places 
 b.  Select “Map network drive” 
 c.  In the Drive drop down menu select a letter of a drive that is not in use anywhere else (ie. Z or Y) 
 d.  Under the Folder menu type in     \\IT-computer # you want to get to\Drive letter from computer you want to 

access.  i.e.     \\IT-123456\G                              (Some computers require a $ sign after the drive letter, you will 
know this if that is what was displayed when the housing computer was shared) 

 
 

 e.  Then check the “reconnect at logon” box.  Then click “Finish” 
 
3.  You should then be able to see the drive and contents in your Microsoft Explorer or My Computer and connect to it 
from Arc Map 
 
4.  Anytime you wish to access this drive that computer will need to be on (with portable hard drive attached).  Also you 
may wish to change the hibernate settings so that it does not go to sleep while you are trying to use it (Go to my 
computer, Control Panel, Power Options, Turn off monitor after…and select the time period necessary) 
 
5.  Multiple people should be able to access the drive and its contents at the same time without disruption. 
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Guide Sheet 1: 

GIS Watershed 
Characterization 

(Watershed delineation and basic characterization using GIS datasets) 
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GIS Watershed Characterization 

*This instruction guide delineates a Watershed in Johnson County – Clear Fork Creek. You can use these instructions to 
navigate to your own watershed and follow the steps that are outlined* 

1.  Add the TOPO map(s) for the given area in which the watershed resides using the Add Data Tool .  Use the Data 
Structure Layout to locate all the necessary data for your map. Adding the streams and road shapefiles can also be 
useful.  

 
 *The Data Structure Layout refers to the file folder system of the hard drive in which the instruction sheet data 

resides. See the instructions for Mapping to a Drive if you are not connected to the external hard drive.  The hard 
drive indicator: ‘XHD’ refers to the drive letter on any given computer portal. Note, these letters may differ from 
computer to computer, but for all of these guidesheets, the drive will be referred to as ‘XHD’. 

 
a.  The easiest way  to narrow down the TOPO(s) that the watershed resides in is to navigate to   DRGcatv9.dbf-
(XHD:\GIS\Statewide Server Data\TOPO).  Double click to open it into the map (Figure 1-1). 

 
         Figure 1-1 

b.  Using the identify tool (1) (Figure 1-2), identify the general area of your watershed by clicking a square in the 
watershed vicinity.  (For this exercise, you may need to click multiple squares until you find the TOPO that is 
appropriate for you project; (you may need to add multiple TOPO(s) to encompass your watershed.)  

 
            Figure 1-2 

1 
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c.  The following should appear after clicking the .tif square with the identify tool. (Figure 1-3) 
 
*If you are having problems identifying the TOPO, change the drop down box (1)(Figure 1-3) to DRGcatv9 

 

 
   Figure 1-3 
 

d.  You will see under the Value column in the IMAGE Field: the correct name of the TOPO for the square you 
clicked on.  Using your Data Structure Layout navigate to the appropriate TOPO map(s). (i.e. Sedalia-
burtville.tif) - (XHD:\GIS\Statewide Server Data\TOPO) With this information proceed to use the Add Data 

Tool  and add your map (s). 
 
*For this example, we used the Sedalia-cornelia.tif, warrensburge.tif, and knobnoster.tif – 
(XHD:\GIS\Statewide Server Data\TOPO\Sedalia) as well. 

 
e.  Now, with the TOPO map(s) added, uncheck the DRGcatv9.tif file (1) from the ArcMap table of contents 

(Figure 1-4).  
 

 
                  Figure 1-4 

1 

1 
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f.  Before beginning to delineate the watershed, the necessary MoRAP components will need to be added to the 
map. Add the following layers: Stream_Network.gdb - lines (XHD:\GIS\MORAP HTD\Base_Data), movst1.shp 
(XHD:\GIS\MORAP HTD\Base_Data), mo_catchments.shp (XHD:\GIS\MORAP HTD\Base_Data), and 
Road_Stream_Crossing.shp (XHD:\GIS\MORAP HTD\Threat_Data1) 
 
*Adding a recent aerial image may also help you locate the stream. Use the Add Data Tool and Data Structure 
Layout to navigate to and open the appropriate files (XHD:\GIS\Aerial Data).  

 
 
 
2.  Delineating the watershed. 

a.  (Figure 2-1) zoom to the most downstream portion of your watershed using your zoom tools  

     
 

 
     Figure 2-1 

 
 
 
 
 
 
 
 
 
 

Zoom in so 
you can 
clearly see 
the stream. 



 

GIS WS Characterization:  Page 5 of 13 
 

 
b.  Turn on the Utility Network Analyst toolbar by right clicking the grey area towards the top of ArcMap (1) 

(Figure 2-2). Scroll down until you see Utility Network Analyst (2) and click it to open.  Once opened, the 
Utility Network Analyst toolbar can be moved anywhere on the screen (3). 

 

 
Figure 2-2 
 
Now with the Utility Network Analyst toolbar, select the Analysis dropdown menu (4) (Figure 2-2) and select 
Options. 

 
 
 
 
 
 
 
 
 
 
 
 

1 3 

2 

4 
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c.   In Analysis Options Box, change Results format from Drawings to Selection (1)(Figure 2-3). Ensure that under 
Results content, All features and Edges are selected. Select OK. 

 

 
  Figure 2-3 
 
 

d.  Under the Add Junction Flag toolbox, select the Add edge flag tool button (Figure 2-4). 
 

 
                   Figure 2-4 
 
 
 
 
 
 
 

1 
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e.  You are now ready to add the flag to the bottom most point of the watershed you want delineated.  With the 
Add Edge Flag tool selected, click on the stream line at the location from which you would like the watershed 
to be delineated upstream. (all waterways included in the MORAP dataset that flow into this stream section 
will be delineated; nothing downstream) 

 

 
    Figure 2-5 
 
f.  Under the Utility Network Analysis toolbar in the Trace Task Dropdown menu, select Trace Upstream. When 

finished, select Solve (2) (Figure 2-5). 
 
g.  Now, go to the Selection (3) (Figure 2-5) drop down menu from the main menu at the top of ArcMap, and 

Select by Location. 
 
 
 
 
 
 
 
 
 

 
 

1 

2 
3 
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h.  In the Select by Location box, you’ll want to use the drop down arrow  to ‘select features from’ then check 
[mo_catchments]. Then use the drop down near the bottom to select [intersect], then select [lines] in the 
bottom drop down menu.  Press Apply, then OK (Figure 2-6). 

 

 
          Figure 2-6 

 
i. Now, right click on mo_catchments in the Layer column on the left, and select [Data  Export Data]       

(Figure 2-7) and designate a folder to export the data to.  Name it something along the lines of WS_EX 
because this watershed will show the sub watersheds within its boundaries.  When completed, a prompt 
will ask you if you want to add the exported data as a layer. Choose Yes.  
 

 
   Figure 2-7 
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j.  Click the check box next to the new layer to make it visible on the screen. For this example, the sub-

watersheds shape file looks like Figure 2-8. 
 
k.  To combine all of the sub-watersheds into a shapefile of the watershed as a whole, right click 

mo_catchments and select [Data  Export Data] just like in step 2i. Designate a folder and name the 
exported data (ie. XriverWS). When completed, a prompt will ask if you want to add the exported data as a 
layer. Choose Yes.  This layer will look exactly the same as the last one you created until the next step. 

 
l.  Now, to combine all of the smaller sub-watersheds in your shapefile (ie. XriverWS), right click the shapefile 

layer (1) (Figure 2-9) and go to [Selection Select All] (2).  Now open the Editor toolbar.  (If the editor toolbar 
is not visible, open it like you did the Utility Network Analyst toolbar earlier on page 5 of this guide sheet).  
Click on the editor dropdown arrow, select [start editing] (1) (Figure 2-10).   

 

 
     Figure 2-8 
 

 
       Figure 2-9 

2 
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    Figure 2-10 

 
 
 
 
m.  Navigate to the file where you saved the watershed shapefile (ie. XriverWS). Select it and choose OK    

(Figure 2-11).  
 

 
      Figure 2-11 
 
n.  Now, under the Editor drop down menu, choose [Merge] (Figure 2-12).   
 *Note: If Merge does not appear as an option, choose Stop Editing and, again, right click the XriverWS layer 

in the table of contents and choose Selection > Select  All. Then try to edit and merge the features again.* 

1 

2 
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             Figure 2-12 
 
 
 
 
o. After selecting Merge, a Merge options box will appear asking which features are to be merged. Click OK to 

select them all. (Figure 2-13) 
 

 
                                        Figure 2-13 
 
p. You now have your watershed delineated.   Double click on the symbol of your merged watershed in the    

layer pane (2) (Figure 2-10) and select a hollow box as an outline of your watershed so you can see the maps 
through it.  You may also want to change the line color and thickness to make it more easily visible.  For this 
example, the merged watershed looks like Figure 2-14. 
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          Figure 2-14 
 

3.  You may now want to add some additional basic layers to your ArcMap project. 

a.  As mentioned earlier, you can add aerial images to your ArcMap using the Add Data Tool . Now, to ensure 
that the created watershed overlays the aerial images, click and drag the watershed layer (in the ArcMap 
table of Contents) above the aerial image files that you added.  Zoom in and out of the watershed to get a 
feel of the land-use practices from the aerials.  To see changes in the watershed over time, add aerials from 
multiple years, turning them on and off to compare.  
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b.  You may also want to add the 303(d) Impaired Streams layer to see if any of the streams in the watershed 
have been identified as impaired by MDNR as of 2006.  Navigate to the Impaired Streams Layer by using the 
following route: (XHD:\GIS\Impaired Waters\Streams_303(d)_2006) 

 
 
-With the 303(d) layer added, make sure the line color is visible over the map so that impaired stream 
segments will show up.  If you see 303(d) streams appear within your watershed boundary click on the 
Select Features button (1) (Figure 3-1) then click on the impaired stream segment.  This should highlight the 
segment. 
 
 

 
Figure 3-1 

 
Then right click on the 303(d) layer in the layer pane on the left.  Click on Open Attribute Table.  At the 
bottom of the table is an area that reads Show:  All or Selected.  Click on the Selected button (1) (Figure 3-2).  
The information on the stream segment and impairment should now appear highlighted on the table. 
 

 
           Figure 4-3 
 

c.   You can continue to explore data layers that you think may be valuable in characterizing your watershed by 
looking at the Data Structure Layout and reading the descriptions of the data available to add to your project.   

 

1 
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Guide Sheet 2: 

Watershed Landuse 
(Using 2005 landcover data to get a basic description of land use percentages in the watershed) 
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Determining Watershed Landuse Percentages 

1. Using ArcMap and the Add Data Tool, add the Lulc05.lyr data file. (XHD:\GIS\Statewide 
Server Data\Region\Landcov) (Figure 1-1). 

 

Figure 1-1 
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a. If a red exclamation mark appears next to lulc05 in the ArcMap table of contents, 
you will need to repair the data source. 

a. Right click lulc05 in the table of contents and select Data > Repair Data 
Source (Figure 1-2) 

 

Figure 1-2 

b. In the following screen, highlight lulc05 and select Add. The data source 
should now be repaired. 
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2. Add the shapefile of the watershed delineated in previous guide sheets. Right click its 
title in the table of contents and select Zoom To Layer in order that the screen displays 
your watershed (Figure 2-1). 
 

 
Figure 2-1 
 
a. Because the watershed was delineated in a different coordinate system, it will have 

to be exported to match the coordinate system of lulc05. In the ArcMap table of 
contents, right click the watershed shapefile and select Data > Export Data       
(Figure 2-2). 

 

Figure 2-2 
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b. In the Export Data menu, change the ‘Use same coordinate system as:’ from the 
layer’s data source to ‘the data frame’ (1). Click the browse folder (2) to designate a 
desired location (Here you will also name your new shapefile). Once you have 
browsed to the location where you want to store your new shapefile and renamed 
it, click Save. Click OK to continue. (Figure 2-3)  
 
*If a prompt appears asking if you want to add the data as a layer, choose yes. 

  

Figure 2-3 

c. Right click the original watershed file in the table of contents and click Remove to 
remove it from the table of contents. (Figure 2-4) 

 

Figure 2-4 

2 
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3. With the lulc05 file and your watershed now in the same coordinate system, the Spatial 
Analyst tool will be added and used to proceed.  
 
a. Right click the grey area near the top of ArcMap and scroll down and select the 

‘Spatial Analyst’ Toolbar (Figure 3-1) 

 

Figure 3-1 

*Drag the Spatial Analyst Toolbar to a desired location in ArcMap. 

 

 

 

 

Click Here 
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b. Before proceeding, we will ensure that the Spatial Analyst extension is turned on. In 
the ArcMap main menu, select Tools > Extensions (Figure 3-2) and make sure the 
checkbox next to Spatial Analyst is selected. Click Close when all appropriate 
changes are made. 

 

Figure 3-2 

4. With the Spatial Analyst toolbar now added, click the Spatial Analyst dropdown menu 
and select Options (Figure 4-1) 

 

Figure 4-1 
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a. Under the General Tab of the Options menu, change the Analysis mask to the 
shapefile of the watershed. Keep the Working directory at the defaulted folder (or 
select C:\Temp). Select OK (Figure 4-2). 
*Note that the working directory stores files in relation with the analysis mask, and 
deleting these files may have negative consequences on any given project.*  

 

Figure 4-2 

b. Again, go to the Spatial Analyst toolbar’s dropdown menu and select Raster 
Calculator (Figure 4-3). 

 

Figure 4-3 
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c. Double click lulc05 so that it appears in the expression box and select Evaluate 
(Figure 4-4) 

 

Figure 4-4 
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5. Now, right-click the Calculation file in the table of contents and select Data > Make 
Permanent. (Figure 5-1) 

 

Figure 5-1 

a. In the Make Calculation Permanent menu, navigate to a desired location, name the 
file and select Save. (Be sure to its name is no more than 13 characters with no 
spaces) 

b. With the Calculation file made permanent, uncheck the original lulc05 layer so that 
only the landuse within the watershed is displayed.  
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6. Now right-click Calculation in the table on contents and select Open Attribute Table.  
 
a. Click the Options button located towards the bottom of the attribute table and 

select Add Field (Figure 6-1). 

 

Figure 6-1 

b. Name the field Acres with the Type being ‘Double’ and a Precision of 12 and a Scale 
of 2 (Figure 6-2). Select OK. 

 

Figure 6-2 

c. Right click on the Acres field in the Attribute Table and select Field Calculator  
(Figure 6-3) 
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*If a pop-up box appears, select Yes. 

 

Figure 6-3 

d. In the Field Calculator menu, enter the following expression: ([COUNT]*900)*0.000247 

(Figure 6-4). This will calculate the acres associated with each given land-use type. 
Select OK. 

 

Figure 6-4 
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7. Again, click the Options tab in the Attribute Table and select Add Field.  
 
a. Name the field Percent with the Type being ‘Double’ and a Precision of 2 and a Scale 

of 0 (Figure 7-1). Select OK. 

 

Figure 7-1 

b. Right click the Acres field in the Attribute table and select Statistics. Find ‘sum’ (In 
this example: 38535.7) and write that number down for later use.  

c. Right click the Percent field and choose Field Calculator (Click yes if a pop-up 
appears) In the Field Calculator box, enter the following expression:                
([ACRES]/number from step 7b)*100  (Figure 7-2) Select OK and close the attribute 
table. 

 

Figure 7-2 
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8. Now, add the LULCtbl.dbf and join it to your calculation file. 
a. Using the Add Data tool, add the LULCtbl.dbf file. (XHD:\GIS\Statewide Server 

Data\Region\Landcov) 
b. After adding the .dbf file, click the Display tab near the bottom of the Table of 

Contents to navigate away from the Source tab. 
c. In the ArcMap Table of contents (In the Display tab), right click the calculation 

file and choose Joins and Relates > Join (Figure 8-1). 

 

Figure 8-1 

For Field 1. Choose: VALUE, for Field 2. Choose: LULCtbl, for Field 3. Choose:               
Value. Select OK when all fields are correctly entered. 

d. With your calculation file now joined with your LUCL table, right click the 
calculation file in the table of contents and open the attribute table. 
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e.  In the Attribute Table (which is now joined), click the Options tab and select Add 

Field… 
 

Name the field: LULC_Code1, with the Type being Text, and a Length of 30     
(Figure 8-2). Select OK. 
 

 
Figure 8-2 
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f. Now scroll to the newly created field in the Attribute Table (it should be listed as: 
[your calculation file].vat:LULC_Code1. 

Right-click it’s title in the Attribute Table and select Field Calculator (Figure 8-3). 
*If a prompt appears, choose Yes. 

 

Figure 8-3 
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g. In the Field Calculator box, double-click LULCtbl.Code in the Fields box to add it 
to the lower white box (Figure 8-4). Press OK. 

 

Figure 8-4 

h. With the new field now generated, the join that was created in Step 8.b can be 
removed. Right click the calculation file in the Table of Contents and select Joins 
and Relates> Remove Join(s) > Remove all Joins. 
 

9. Now if you open the Calculation Attribute Table, you will see that LULC_Code1 has been 
added as a field.  

a. Symbology can be imported to the calculation file to help the user better 
understand the land use/land cover. Right-click the calculation file in the Table of 
Contents and select Properties.  
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b. In the Layer Properties box, select the Symbology tab (1) and then select the 
Import button (2) (Figure 9-1). 

 

Figure 9-1 

c. In the Import Symbology box, select lulc05 and select OK. *If it does not appear 
in the dropdown box, click the browse button to navigate to its location.  
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d. Now, before closing out of the Layer Properties box (Symbology tab) scroll down 
the Count Field and locate all that contain a 0 (Figure 9-2). 

 

Figure 9-2 
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-Right click these values in the box and select ‘Remove Values’ (Figure 9-3).  (This 
will help later when creating a legend in Layout View.) *Remove all Counts of 0. 
Click Apply, then OK. 

 

Figure 9-3 
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10. You can now work on bringing a table representing the attributes of the calculation file 
into the Layout View. 
 

a. Right click the calculation file in the Table of Contents and open the Attribute 
Table. In the attribute table, click the headings of fields once to select them, and 
click again and hold and drag the field to the desired order. Use (Figure 10-1) for 
example.  

b. *Note how LULC_CODE1, PERCENT, and ACRES are now aligned to the left of 
Rowid, VALUE*, and COUNT.  
 

    

   Figure 10-1 

c. Now, Right click the Rowid field and select ‘Turn Field Off’. Do this to the VALUE* 
field as well as the COUNT field.  
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d. With your table appearing as it does in (Figure 10-2), click Options in the 
Attribute Table and select Add Table to Layout. 

 

Figure 10-2 

e. You now have a table in the Layout View of AcrMap. Click and drag it’s edges to 
adjust its size and visible fields.  
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11. The last step to this exercise is adding a legend to see what colors correspond with 
which land use/land cover type.  

a. In the ArcMap main menu, select Insert, then Legend. In the Legend Wizard, 
make sure that the only Legend Item showing on the right-hand side is your 
calculation file. (Click the arrow buttons [>, >>, <, <<] to add or remove items) 
(Figure 11-1). 

 

Figure 11-1 

b. The next four screens in the Legend Wizard display changes that can be made to 
your legend. Click Next > through them all and select Finish to add the legend to 
the Layout View. 

c. The legend, once in the Layout View, can be moved and re-sized (Figure 11-2). 
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Figure 11-2 

d. You can use the Insert drop-down to add more components to your map (Like 
North Arrow, Title, etc.) 

 

 
  

                



 

Human Threat Index:  Page 1 of 9 
 

 

Guide Sheet 3: 

Human Threat Index 
Data 

(Locating and identifying the potential human threats within the watershed) 
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Displaying Human Threat Data Instructions 

1. Using the Calculation, example watershed, and lulc05.lyr files (1) from the ‘Determining 
Watershed Landuse Percentages’ Guide-sheet 2, add Human Threat Data to the map. 

a. Using the Data Structure Layout and the Add Data Tool (2), add any desired 
Human Threat Data to ArcMap. (XHD:\GIS\MORAP HTD) (Figure 1-1) 

 

Figure 1-1 

 

 

 

 

  

2 
Hold Control and 
click all shapefiles 
that you wish to 
add to ArcMap 

1 



 

Human Threat Index:  Page 3 of 9 
 

2. With all of the desired HTD added, your layout should appear as it does in Figure 2-1. 

 

Figure 2-1 

a. Click the ArcToolbox Icon to expand the Toolbox. (1) (Figure 2-1) 
 

b. In the ArcToolbox, click [Analysis Tools > Extract > Clip]. In the Clip menu, select a 
HTD for ‘Input Features’ to clip within the watershed in order that only features 
within the example watershed remain. (The Dams shapefile will be used in this 
example.) Select the watershed polygon shapefile as the ‘Clip Features’ and use the 
browse button to create an output file in the ‘Output Feature Class’ box. (Figure 2-2)  

 
*Name the output something along the lines of the shapefile that is being clipped 
(i.e. CF_dams)* 

  

1 



 

Human Threat Index:  Page 4 of 9 
 

 

Figure 2-2 

c. The newly created shapefile will automatically be added to the ArcMap table of 
contents after the clipping process is completed. Uncheck and remove the original 
dams shapefile and ensure that the new shapefile (CF_dams) displays features only 
present in the watershed outline. (Figure 2-3)  

Figure 2-3 

  

Note that no features 
remain outside of the 
watershed outline. 
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d. Repeat steps 2b to 2c on all remaining HTD data so that only features within the 
watershed remain.  
 

3. Notice that the names of the titles in the table of contents have changed. Right click a 
Human Threat Data layer in the table of contents and select Properties to open its Layer 
Properties box. (Figure 3-2) In the Layer Properties box you can change the name of the 
layer under the General tab.  

 

Figure 3-2 
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a. Again, in the ArcMap table of contents, select the symbol (1) located below the titles 
of the Human Threat Data layers to open its Symbol Selector menu. (Figure 3-3) In 
the Symbol Selector menu, use the scroll bar to navigate through all of the available 
symbol options. Here, the symbol colors can also be changed.  

 

Figure 3-3 

 

 

 

 

  

1 
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b. Figures 3-4 and 3-5 show all of the new symbol properties.  

 

    Figure 3-4 

 

Figure 3-5  
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4. Similar to ‘Guidesheet 2: Watershed Land-Use’, use the layout view and Insert > Legend 
to view the finished map. Figure 4-1 

 

Figure 4-1 

5. Adding public lands to the display could also be beneficial. Using the Data Structure 
Layout navigate to desired public lands and add them to ArcMap. 
(XHD:\GIS\AquaticGAP\Aquatic_Data\Administrative)  

a. Once public lands has been added, you zoom out from the watershed in Layout 
view to view them in this example because no public lands are present within 
this particular watershed. (Figure 5-1) 

b. Check the Calculation box to turn land-cover back on. (Figure 5-1) 
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Figure 5-1 
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Guide Sheet 4: 

Creating a Windshield 
Tour Map 

(Creating a map to crossing observation points in the watershed) 
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Creating a Windshield Tour Map 
 

1.  First, open your previously saved watershed delineation ArcMap project. – From Guidesheet 1 
 
2.  Un-check all layer boxes in the layer pane, except for the watershed shapefile that you created that merged all of the 

sub-watersheds together (ie. XriverWS).  
 
3.  Like in Step 4 of “Delineating a Watershed” instructions, we will add other data layers. 

a.  First, bring in Roads (XHD:\GIS\MORAP HTD\Administrative) and Road_Stream_Crossing (XHD:\GIS\MORAP 

HTD\Threat_Data1) layers using the Add Data tool  (The Road_Stream_Crossing layer is comprised of 
point features, present when a stream/river crosses a roadway. Each point has a classification number that 
will help with location recognition and data organization.) 

 
b.  Add any other desired layers  that might be useful when using the map to drive the watershed. Use the Data 

Structure Layout to see the files that are available. However, fewer layers will make the final, printed map 
easier to read.  Proceed to modify the layers’ appearances to fit your needs. You will then be ready to move 
on to the ArcMap Layout View for further enhancement.  

 
In the bottom left-hand corner of your screen, you will see what appears to be both a globe and folded sheet 
of paper. Click the paper image; this is the layout view (Figure 3-1).

 
      Figure 3-1 
 

Click for 
Layout View 
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c.  Layout View is used for viewing a print product of your map.  You will now want to add labels identifying 
roads in the roads layer. In the layer pane, right click Roads and select Label Features (Figure 3-2).  After a few 
seconds or so, labels indicating road names or numbers will appear. 

You may have to use the zoom tools  on the standard toolbar for them to be legible. Follow 
the same steps for adding label features to the Road_Stream_Crossing.shp. 

 

 
            Figure 3-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Windshield Tour Map:  Page 4 of 7 
 

 
-The Road_Stream_Crossing.shp Label Features are set to show the ID field and need to be changed to   
display the FID field to show the unique values of the points. Right click Road_Stream_Crossings layer in 
the table of contents and select Properties. From the Layer Properties Box, select the Labels tab (1) 
(Figure 3-3). In the Labels tab, under Text String, change the Label Field from ID to FID (2). From the 
Labels Tab you can also edit Label Feature appearances. Change the font to something smaller (like 7) 
and the color to something other than black (like blue). Apply the Changes and select OK.  
 

 
         Figure 3-3 
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4.  In the bottom left-hand corner of ArcMap, you will see the draw tools (1) (Figure 4-1). With these tools you can draw 
lines, polygons, and points.  To select different kinds of draw tools, select the black drop down arrow next to the white 
box (2) and examine your options. When you find the appropriate tool, select it and you can proceed to draw on your 
map. 
 

 
Figure 4-1 
 
a.  To add a heading or text to your layout view map, select the New Text Icon (3) (Figure 4-1) and click on the 

layout where you wish to type.  Now, once you have selected the area you can type your information.  To 
modify the font or text size of the text, double click the text box you just created and from there you will be 
able to modify the text’s appearance under the Text tab  Change symbol box.   You can also make 
modifications to the text in the Drawing toolbar. (3) 

 
b.  To add a Scale Bar, in the main headings of ArcMap select [Insert Scale Bar].  From the pop-up screen, 

select a scale bar and select OK.  A scale bar will appear in the middle of your layout view.  Drag it to the top 
or bottom of your map and re-size it if necessary (Figure 4-2).  Select the units of measurements you prefer 
by double clicking the scale bar, and under the Units Box, change Unit Measurements.   

1 2 
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    Figure 4-2 

c.  To add a North Arrow, in ArcMap main menu, select [Insert North Arrow].  Much like the scale bar, choose 
the one that you desire and select OK. Then, on the map move it to its desired location. 

 
d.  With all of the desired map attributes properly entered, you will be ready to print.  If you are planning to 

print, use print preview to verify that all things are properly displayed on the map.  (Often, there can be 
discrepancy between what is shown in Layout View and what is actually printed.)  If you wish to save the 
layout view, click File > Export Map. Browse to a desired location, name the file and ensure that JPEG is 
selected for the ‘save as type:’ Select Save. 

 
e.  From the full extent view of your merged watershed, labels may not be legible (even with label features 

applied) if the watershed is very large.  Using the zoom and pan tools  you can zoom to the 
sub watershed(s) of interest to make its labels visible.  You can then use the layout view to make map(s) 
usable for driving the watershed (Figure 4-3), so that you can read road names and see the unique crossing 
FID numbers, which will be used to catalogue observations. 
 



 

Windshield Tour Map:  Page 7 of 7 
 

 
                          Figure 4-3 
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Guide Sheet 5: 

Field Notes 
(Using databases and GIS to keep track of field observations) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Field Notes DB Entry:  Page 2 of 20 
 

Field Notes Database Entry and Converting Spatial Data Instructions 

 

1. Navigating to/Opening an Access Database 
Navigate to the Field Notes Database and double-click to open. Re-save the database in your 
preferred location with a distinct name for the watershed. (XHD:\GIS\2010 Appendix C 
apps\Databases) 

2. Understanding the Components of the Database 
The database should appear as it does in (Figure 2.1) 

 
Figure 2.1 
 
a. On the left hand side of the window you will see three tables (1)(Figure 2.1) (Location: Table, 

Entry Form, and Field Name Descriptions) Double click Location: Table to open the data 
sheet.  
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b. ‘Location Table’ (Figure 2.2) is the table that contains all of the input data. You can enter 
data here, but using the Entry Form may be easier. 

 

Figure 2.2 (Table View) 
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c. The ‘Field Name Descriptions’ table (1) (Figure 2.3) can be found in the Table of Contents on 
the left and is a listing of all of the field name descriptions in the Location: Table. This can be 
referred to for a detailed description of data to be entered in each box. 

 

Figure 2.3 

3. Entering data into your database. 

Use the ‘Entry Form’ to input collected data into the appropriate field.  

*Note that some fields have restrictions on the type of data that can be inputed. (For example, 
most of the ‘Corridor Implementation’ fields only allow numbers in the input boxes. i.e. 2004) 
This is done to create data consistency for the data input process. Also, the UTM X and Y data is 
required to represent the data in ArcMap as a shapefile.  
 

 

 

1 
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a.  When the entry form is first opened, it will display a record that was previously entered. In 
order to input new data, you need to add a new record. In Figure 3.1 you will see command 
buttons at the bottom of the entry form. Select ‘Add New Record’ (1) to create a new entry 
form. 

 
Figure 3.1 

 

 Once ‘Add New Record’ is selected, all of the fields will be blank. Input your data accordingly.  

4. Printing Records  
a. At the bottom of the entry form there is also a command button to ‘Print Current 

Record.’ By selecting the command, Access will print only the opened record. Without 
this command, selecting print through the Office Button would print all records.  
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5. Saving your newly input data.  
a. Once the data has been entered into the entry form, it will need to be saved. Enter your 

data and click the save button in the Access Main Menu. (2) (Figure 3.1) 
(*Note: Not all fields need to be entered, only those that apply.) 
 

b. Now, once the Location: Table is opened, the newest entry should be visible.  
 

6. Querying Specific Records 
a. To search for specific records within the database, navigate to the Location: Table (1) 

(Figure 5.1). If it is not open, double click it to make it appear. 

 

Figure 5.1 

b. To search for specific items within the database use the ‘Search’ bar (2) (Figure 5.1) at 
the bottom of the table or use the arrow buttons (3) to navigate from record to record. 

c. The scroll bars (4) (Figure 5.1) located on the bottom and right can also be used to 
navigate throughout the database. The Find tool (5) can also be useful in locating certain 
data within the table. 

1 
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7. Deleting Records 

a. In the Location: Table records can be deleted if need be. Like in step 5.a, navigate to the 
table and open it. 

b. Once opened, navigate to the record (records run horizontally across the screen.) Right 
click the appropriate box on the left-hand side of the ID field and choose Delete Record 
(Figure 6.1) 

 
Figure 6.1 
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8.  Exporting the Table 
a. The table will need to be converted to a text file in order that it can be opened in 

ArcMap. In Access, right click on Location in the table of contents then select Export, 
then Text File. Figure 8.1 

 

Figure 8.1 

b. In the “Export-Text File” dialog box, click browse and navigate to the location where you 
wish to save the exported text file. (Figure 8.2). Click OK 
 

 
Figure 8.2 
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c. The Export Text Wizard box will appear (Figure 8.3). Make no changes and click next to 
navigate to the next box. 

d. Now in the Export Text Wizard box select “Include Field Names on First Row” and select 
Next. (Figure 8.3) 

 
Figure 8.3 
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e. The next dialog box is used to verify that the location of your file is correct. Click Finish 
to proceed with the same location that was browsed to earlier, or type in a new location 
if you wish to create another file. (Figure 8.4) 

 
Figure 8.4 
 
*After clicking finish, a box may appear asking if you wish to save the export steps. If 
you would like these settings to be set as your default, check the box, if not, click Close.  
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       9. Opening the table in ArcMap 

a.  Now that a text file has been created from the Access file, open ArcMap and add the location 
table data to the ArcMap table of contents. Using the Add Data Tool (1) (Figure 9.1), navigate 
to the Location table that you exported as a text file and select add (2). 

 

Figure 9.1 
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b.  Now, right- click Location.txt in the Table of Contents  and select Display XY Data. (Figure 9.2) 

   

  Figure 9.2 

c.  In the Display XY Data box, Change the X-Field dropdown box to UTM_X and the Y-Field                 
dropdown box to UTM_Y. (1)(Figure 9.3)  

 
        Figure 9.3 
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d. Before closing the XY Data box, click edit below the coordinate system box. (2)(Figure 9.3) In 
the Spatial Reference Properties Box, click Select to navigate to the appropriate coordinate 
system data. (Figure 9.4) 

 
Figure 9.4 
 
-Now navigate to Projected Coordinate Systems > Utm > NAD 1983 > NAD 1983 UTM 
Zone 15N.prj and click add. Apply the settings and choose OK. Select Ok in the XY Data box.  
*If a prompt box appears telling you that the Table has no Object-ID field, click OK. 
*After doing so, you will see that the entries on the table that had UTM_X and UTM_Y 
coordinates represent spatially in ArcMap.  
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e.     In order to highlight these features in ArcMap, the files will have to be exported to a 
shapefile. In the ArcMap Table of Contents, right click Location.txt Events and choose 
Data>Export Data. (Figure 9.5) 

 
  Figure 9.5 

-In the Export Data box, select the Browse button and navigate to where you would like 
the shapefile to be stored. Name the shapefile and select OK. (Figure 9.6) Click OK in the 
Export Data box to apply the settings.  

 

Figure 9.6 



 

Field Notes DB Entry:  Page 15 of 20 
 

*When ArcMap asks you if you would like to add the exported data to the map as a 
layer, choose Yes. 

f.   The Location shapefile now appears in the ArcMap table of contents. You can right click the 
shapefile in the ArcMap table of contents to open the attribute table and select by attributes to 
query specific results in the table’s data.  

a.  In the Table of Contents, right click Location.Shp and select Open Attribute 
Table.(Figure 9.7) 

 

Figure 9.7 
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b. With the attribute table open, click ‘Options’ at the bottom, and then ‘Select by 
Attributes.’ (Figure 9.8) 

 

Figure 9.8 
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c. In the select by attributes box, in the field box (1)(Figure 9.9), double click the field that 
you wish to query to add it to results box (2). Once you have double clicked the desired 
field, it will appear in the results box. Your query will need to be followed by an equals 
sign. Select ‘=’. (3)(Figure 9.9)  
*As an example, Figure 9.9 will find all Clear Fork Creek results.  

 
Figure 9.9 
 

d. Once a field from the field box has been selected and moved to the results box, you can 
search by unique values. Click ‘Get Unique Values’ (4)(Figure 9.9) to compile a list of all 
available Stream names.  
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Scroll to double click ‘Clear Fork Creek’ in the resulting box to add it to the query box. 
(Figure 9.10) 

 
Figure 9.10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Double-Click 
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e. Your results box should appear as follows. (Figure 9.11) Click apply, then close the Select 
by Attributes box. This will highlight all points associated with Clear Fork Creek in the 
map view. 

 

Figure 9.11 
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f. As a result, the features selected in the Select by Attributes box will appear highlighted 
in map view. (Figure 9.12) 

 

Figure 9.12 
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Displaying Aquatic 
Records 

(Searching existing databases for biological records within a watershed) 
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How to Identify the Aquatic Species List for an ACOA 

1. Open a blank ArcMap document.  
 

2. Use the Add Data Tool  (1) (Figure 2-1) and navigate to the Aquatic COA data 
(XHD:\GIS\AquaticGAP\Aquatic_Data\Conservation_Priorities\MDC_COAs). Select the data 
and click Add to add the shapefiles to the ArcMap Table of Contents. 
 

a. Data Structure Layout > Aquatic Gap 
 

 
Figure 2.1 
 

3. With the Aquatic and Pflieger (XHD:\GIS\AquaticGAP\Pflieger_Region_Data) data added, using 
the Add Data Tool, navigate to and add the STATEWID.dbf file. 
(XHD:\GIS\AquaticGAP\Aquatic_Data\Biological\Collection_Data\Actual_BioData) (1)    
(Figure 3.1) 

 
a. With the database file added to ArcMap, you will now be able to Add XY data in order for 

the data to be represented in shapefile form.  
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Figure 3.1 
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4. Adding the database (or .dbf) file will result in ArcMap switching the table of contents tab from 
‘Display’ to ‘Source’. (1)(Figure 4.1) 

 

 
Figure 4.1 
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a. With the database added, XY data can be added. Right click STATEWID in the table of 
contents and select ‘Display XY Data’. (1)(Figure 4.2) 
 

 
Figure 4.2 
 

b. In the Display XY Data box, locate the dropdown menus ‘X Field’ and ‘Y Field’. Change the     
X Field to ‘UTM_E’ and change the Y Field to ‘UTM_N’. (1)(Figure 4.2) 

 

 
Figure 4.2 
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c. Now, with the X and Y Fields appropriately selected, click ‘Edit’ (2)(Figure 4.2) under the 
Coordinate System of Input Coordinates section to apply a Coordinate System.  

 
d. In the Spatial Reference Properties box (Figure 4.3), choose Select (1) to proceed to navigate 

to the correct Coordinate System. 
 

 
Figure 4.3 
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e. In the Browse for Coordinate System box (Figure 4.4), navigate to:  
Projected Coordinate System\Utm\NAD 1983 and select NAD 1983 UTM ZONE 15n.prj and 
click Add. 
 

 
Figure 4.4 

 
f. Apply the changes and select OK. Select OK in the Display XY Data box. The database data is 

now portrayed through point shapefiles in ArcMap. The newly created point data is listed as 
‘STATEWID Events’ in the table of contents.  
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5. Now, with the STATEWID Events data, points can be selected using the Select Features tool . 
Using the Select Features tool, select a point of interest. (Be sure that it is highlighted after 
clicking) (Figure 5.1) 

 

 
Figure 5.1 
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a. With a point feature highlighted, right click STATEWID Events in the table of contents and 
select ‘Open Attribute Table’. (Figure 5.2) 

 

 
Figure 5.2 
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b. In the STATEWID Events Attribute Table (Figure 5.3), click Selected (1) at the bottom to 
display all of the Attributes associated with the selected point. 

 

 
Figure 5.3 
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Calculating Total Predicted, Targeted Species, and Human Stress Index by AES 

1. Open a blank ArcMap document.  

a. Using the Add Data Tool, , navigate to: 
(XHD:\GIS\AquaticGAP\Aquatic_Data\Biological\Modeled_Data\Species_Counts) 
and click and add the AESCNTM.dbf file. (Figure 1-1) This file will help find the 
number of species in the AES. 
 
**Note: The following navigation route is to a database that can also be used in this 
exercise, substituting for the AESCNTM.dbf** 

 (XHD:\GIS\AquaticGAP\Human_Disturbance\AES_Stressor_Data) ---      
AES_HIS_metrics_index.dbf. This file tells you individual stressor metrics and overall 
Human Stress Index for the AES. 

 

 
Figure 1-1 
 

b. The Mo_AES shapefile will also need to be added. Navigate to: 
(XHD:\GIS\AquaticGAP\Aquatic_Data\Ecological_Classification\Aquatic_ECS) and 
click and add the Mo_AES.shp file. (Figure 1-2) 

 

Figure 1-2 
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2. Joining Mo_AES.shp and AESCNTM.dbf files.  
 
a. With both Mo_AES and AESCNTM added to the ArcMap table of contents, the two 

can be joined to spatially represent figures from the database.  

*Before proceeding, make sure that ‘Source’ tab is selected in the table of contents. 
(1) (Figure 2-1) 

 

Figure 2-1 

b. In the ArcMap table of contents, right click Mo_AES and select ‘Joins and Relates’ > 
‘Join’. (Figure 2-2) 
 

 

Figure 2-2 
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c. In the Join Data menu, select the following: (Figure 2-3) 
-Drop-down ‘1.’ Select ‘AESPOLYID’ 
-Drop-down ‘2.’ Select ‘AESCNTM’ 
-Drop-down ‘3.’ Select ‘AESPOLYID’ 
Select OK. 

 
Figure 2-3 
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3. With Mo_AES and AESCNTM joined, you can use the Select Features button (1) to select 
an area polygon of choice (2). (Figure 3-1)  
 

 
Figure 3-1 
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a. Once an area has been selected, right click Mo_AES to ‘Open Attribute Table’. In the 
attribute table, click selected (1) (Figure 3-2) and all attributes corresponding to the 
selected area should appear in highlighter color (2).  

 

Figure 3-2 
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b. Using the Attribute Table scroll bars, navigate to the AESCNTM.FMC_CNT (Total 
Species Count including fish, mussels, crayfish) and AESCNTM.FMC_TGTCNT (Target 
Species Count including fish, mussels, crayfish) fields (1) to specify desired data. 
(Figure 3-3) 
 
 

 

Figure 3-3 
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c. You can also search for the AES instead of clicking on the polygon by selecting [in the 
attribute table] ‘Options’ > ‘Select By Attributes’ to open the Select By Attributes 
menu box and search for specific data. (Figure 3-4) 

 

Figure 3-4 

*When selecting by attributes, make sure to go back to ‘Show: All’ (1) (Figure 3-4) versus 
staying in “Selected” because the search will not utilize the entire attribute table 
possibly excluding some results. 
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Locating Irreplaceability Values  

Open a blank ArcMap document.  

a. Using the Add Data Tool, , navigate to: 
(XHD:\GIS\AquaticGAP\Aquatic_Data\Conservation_Priorities\MDC_COAs) and 
click and add the mdc_aquatic_coa.shp file. (Figure 1-1) 
 

 
Figure 1-1 
 

b. The statewide_aquatic_irreplace.dbf file will also need to be added. Navigate to: 
(XHD:\GIS\2010 Appendix C apps\Databases) and click and add the 
statewide_aquatic_irreplace.dbf file. (Figure 1-2) 

 

Figure 1-2 
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1. Joining mdc_aquatic_coa.shp and statewide_aquatic_irreplace.dbf files.  
 
a. With both mdc_aquatic_coa and statewide_aquatic_irreplace added to the ArcMap 

table of contents, the two can be joined to spatially represent figures from the 
database. 

*Before proceeding, make sure that ‘Source’ tab is selected in the table of contents. 
(1) (Figure 2-1) 

 

Figure 2-1 

b. In the ArcMap table of contents, right click mdc_aquatic_coa and select ‘Joins and 
Relates’ > ‘Join’. (Figure 2-2) 
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Figure 2-2 

c. In the Join Data menu, select the following: (Figure 2-3) 
-Drop-down ‘1.’ Select ‘COA_ID’ 
-Drop-down ‘2.’ Select ‘statewide_aquatic_irreplace’ 
-Drop-down ‘3.’ Select ‘COA_ID’ 
 

 
Figure 2-3 
 
Select OK. 
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2. With mdc_aquatic_coa and statewide_aquatic_irreplace joined, you can use the Select 
Features button (1) to select an area polygon of choice (2). (Figure 3-1)  
 
 

 
Figure 3-1 
 
 
 
 
 
 
 
 
 
 
 

 

1 

2 



 

Locating Irreplaceablility Values:  Page 6 of 8 
 

a. Once an area has been selected, right click mdc_aquatic_coa to ‘Open Attribute 
Table’. In the attribute table, click selected (1) (Figure 3-2) and all attributes 
corresponding to the selected area should appear in highlighter color (2).  

 

Figure 3-2 
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b. Using the Attribute Table scroll bars, navigate to the 
statewide_aquatic_irreplace.FISH_IRRPL, statewide_aquatic_irreplace.MUSS_IRRPL, 
and statewide_aquatic_irreplace.CRAY_IRRPL fields (1) to specify desired data 
(Figure 3-3). See Appendix A for definition of irreplaceability values.  

 

Figure 3-3 
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You can also search for the AES instead of clicking on the polygon by selecting [in the 
attribute table] ‘Options’ > ‘Select By Attributes’ to open the Select By Attributes menu 
box and search for specific data. (Figure 3-4)

 

Figure 3-4 

*When selecting by attributes, make sure to go back to ‘Show: All’ (1) (Figure 3-4) versus 
staying in “Selected” because the search will not utilize the entire attribute table 
possibly excluding some results. 
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The significant problems we face cannot be solved at the same level of thinking we were at when we created them. —Albert Einstein,
in Cairns 1993 

Turner, W.M. 1997. Achieving private-sector involvement and its implications for resource professionals. Pages 158-176 in J.E. Williams, C.A. Wood, and M.P. 
Dombeck, editors. Watershed restoration: principles and practices American Fisheries Society, Bethesda, MD. 

ACHIEVING PRIVATE-SECTOR INVOLVEMENT AND ITS IMPLICATIONS FOR 
RESOURCE PROFESSIONALS

William M. Turner

 Private-sector involvement is critical to broad-scale watershed protection and restoration. Of the watershed area in the 
United States, 71% is in nonfederal ownership. In many states, the percentage is much higher; 27 states have more than 
95% of their watershed area in nonfederal ownership (Table 11.1). In those states that do have a high percentage of 
government-administered lands, private interest groups representing industry, recreation, and the environment exercise 
great influence in water and land use decisions. 

 Past and present actions of both government and private-sector decision makers have resulted in degraded watersheds 
and associated aquatic ecosystems in the United States. Successful watershed and riverine management will not occur 
until those who make decisions about water and land use for both privately owned and publicly-owned lands change their 
perspectives and actions. The opening epigram from Albert Einstein says it best, and to progress beyond our historic level 
of thinking, we must understand the past attitudes and actions that have created the problems and clearly focus on the 
changes needed for success.

 The book title Entering the Watershed (Doppelt et al. 1993) aptly describes the current level to which aquatic ecosystem 
management has progressed. Fisheries management has evolved from stocking and harvest limits to water quality 
improvement, and now to watershed management. Traditional instream habitat enhancement and protection have led us to 
realize that riverine fisheries exist within the context of watersheds and thus are at the receiving end of these complex 
hydrologic systems. The new watershed perspective mandates that all elements of the system must be considered. 
Reaching this point culminates decades of land and water conservation, and it leads us into a holistic view of riverine 
ecosystem management (Leopold 1994; Willard and Kosmond 1995; Williams 1995). 

 An understanding of fluvial processes and a commitment to the restoration and protection of watersheds are paramount 
to the restoration and protection of riverine ecosystems (Kerr et al. 1983; Heede and Rinne 1990; Schlosser 1991; 
Bickford and Tisa 1992). Many past failures in river and stream management were actually failures in understanding the 
physical and biological dynamics of these systems (Kerr et al. 1983; Williams 1995). 

 This lack of understanding has allowed the narrowly focused "reach approach," or site-specific strategy, to proliferate 
and to direct efforts whether they were intended to restore, protect, or modify. By perceiving a reach (segment) of river as 
a unit unto itself, the reach approach inappropriately attempts to isolate that reach from the remainder of the system. The 
problems or opportunities identified within the reach are considered to occur independent of upstream or downstream 
influences. Conversely, practices within the subject reach are considered to have minimal impact on upstream and 
downstream reaches. 



 
TABLE 11.1.   Percentage of U.S. watershed acreages that are federally and nonfederally owned. (Data from USGSA 1990.) 

 State   Federally owned (%)   Nonfederally owned (%) 

Northeast
 Connecticut 0.2 99.8
 Maine 0.8 99.2
 Massachusetts 1.3 98.7
 New Hampshire 12.7 87.3    
 New Jersey 2.4 97.6
 New York 0 7 9
 Pennsylvania 2.1 97.9
 Rhode Island 0.3 99 7 
 Vermont 6.0 94.0

Midwest
 Illinois 2.7 97.3
 Indiana 1.7 98.3
 Iowa 0.9 99.1
 Kansas 0.8 99.2
 Michigan 12.6 87.4
 Minnesota 10.5 89.5
 Missouri 4 7 95 3 
 Nebraska 1.4 98.6
 North Dakota 4.2 95.8
 Ohio 1.3 98.7
 South Dakota 5.7 94.3   
 Wisconsin 10.1 89.9

South
Alabama 3.3 96.7 

 Arkansas 8.2 91.8
 Delaware 2.2 97.8
 District of Columbia 26.3 73 7 
 Florida 9.0 91.0   
 Georgia 4.0 96.0   
 Kentucky 4.2 95.8   
 Louisiana 2.6 97.4
 Maryland 2.8 97.2   
 Mississippi 4.3 95.7   
 North Carolina 6.3 93.7
 Oklahoma 1.6 98.4   
 South Carolina 4.7 95.3   
 Tennessee 3.8 96.2
 Texas 1.3 98.7
 Virginia 6.0 94.0
 West Virginia 6.7 93.3 

West
Alaska 67.9 32.1 

 Arizona 47.1 52.9
 California 44.4 55.6
 Colorado 36.2 63.8
 Hawaii 15.5 84.5
 Idaho 61.7 38.3   
 Montana 28.0 72.0

New Mexico 33.1 66.9 
Nevada 82.7 17.3

 Oregon 52.4 47.6 
 Utah 63.8 36.2
 Washington 29.0 71.0
 Wyoming 48.8 51.2
 Total U.S. 28.6 71.4

The reach approach exhibits both a lack of understanding and a disregard for fluvial geomorphic processes (processes by
which streams shape the land). This has resulted in decades of channel alteration, landscape modification, and installation 



 
of ill-advised instream habitat improvement structures ((Brookes 1988; Frissell and Nawa 1992; Rosgen 1994). These 
efforts have often created many more problems than they have solved (Kerr and Schlosser 1978). In contrast, restoration 
and protection on the scale of an entire watershed is a rational strategy that considers cumulative impact, facilitates 
interdisciplinary and interagency coordination, and recognizes the vital role of the private sector (Willard and Kosmond 
1995).

 The question that looms before us is, "How?" In the face of heightened concern about private property rights, an 
unprecedented move to downsize federal natural resource agencies, and an antiregulatory climate within a sector of the 
national political structure, how do we solve such a monumental problem? The answer lies within a partnership of private 
interests and public agencies. The private sector is essential to achieving proper watershed management because members 
have a strong and vested interest. Motivated private individuals and organizations have the incentive to expend the effort 
to organize, gain political adoption of, and implement innovative management plans (Kusler 1995b).). Only with a 
knowledgeable and empowered private sector, equipped with technical support from public agencies, will watershed 
restoration and protection be accomplished on a broad scale and far into the future. 

 The intent of this chapter is to outline ways to achieve constructive involvement by the private sector in watershed 
restoration and protection. The information presented is derived from other authors and 10 years of experience instituting 
and developing a statewide stream management program in Missouri (Wehnes 1992). 

 Discussion of the private sector can be facilitated by focusing on three groups: (1) the general public, (2) conservation 
advocacy groups, and (3) landowners. The majority of landowners upon which this chapter will concentrate are 
commodity producers. These include agricultural producers, miners, loggers, commercial fishers, and others who derive a 
living by extracting commodities from the watershed. Commodity producers are emphasized because of their history of 
affecting watersheds. Thomas (1985) reported that, in 6 of 10 U.S. Environmental Protection Agency regions, non point 
sources were the principle remaining cause of water quality problems, and agriculture was the most pervasive non point 
source in every region. The magnitude of landowner impact shows the important need for their involvement and the need 
to understand their role and contribution. 

 Direct decisions regarding water and land use are made by landowners. Indirect influence comes from the general public 
and conservation advocacy groups, who influence public opinion, legislation, and regulatory decisions. All three of these 
groups will continue to influence decision making, whether or not natural resource professionals interact with them. 
However, without resource professional interaction, decisions will be focused on social and economic priorities, and will 
not be adequately weighted with sound scientific information. Effective communication by knowledgeable resource 
professionals will positively affect decision making. In fact, the potential is great for resource professionals to be catalysts
for enlightened strategies that will replace the status quo and result in healthier aquatic ecosystems. 

FUNDAMENTALS OF THE WATERSHED STRATEGY

 Effective protection and restoration are rooted in innovative projects and programs that are tailored to the hydrologic,
social, and biological characteristics of the watershed. Projects and programs must be compatible with the existing 
decision making processes for water and land use within a watershed. These processes are often heavily influenced by 
multidisciplinary viewpoints, multiple political boundaries, tradition, and economic considerations. Because of the 
complexity of riverine and watershed management, guidance is needed to initiate and develop a successful program. 
Several published articles have included this type of guiding information: Mahood (1985), Heede and Rinne (1990), 
Wehnes (1992), Wise (1993), Ticknor (1994), Willard and Kosmond (1995), and Kusler (1995a, 1995b). 

 This information, plus the author's personal experience, has been used to compile 10 fundamental principles that need to 
be addressed to coordinate an effective watershed-based program. 

1. Authority must be vested in local entities, with full representation of affected community members. 
2.  The political will to pursue riverine and watershed protection and restoration must be present, or it must be 

developed early in the project. 
3.  Many educational needs exist, and it is vital that they be identified, prioritized, and addressed. 



 
4.  Clear, well-developed goals should be established and a single authority (i.e., local committee,  watershed board, 

agency) should lead the planning and management effort. 
5.  A watershed analysis should be conducted using the best available data. 
6.  Key stakeholders must be understood and their economic and social concerns addressed. 
7.  Programs and projects must have a strong scientific base that includes adequate trained staff. 
8.  Clear and frequent communication is needed among resource professionals, project stakeholders, and the general 

public.
9.  Watershed projects should be user-friendly. 
10. Project monitoring and evaluation should be ongoing and adjustments made as needed. 

All 10 of these principles should be considered essential, and others should be identified case-by-case. There is no 
significance to the order of the following principles; the order should be determined for each situation. 

Principle 1. Authority Must Be Vested in Local Entities 

The watershed strategy should be based on the premise that one key to success is to involve local people in setting 
policy and solving problems. "Local people solving local problems" is a common adage that describes this characteristic. 
Wehnes (1992), Kusler (1995a, 1995b), and Ticknor (1994) all stressed the need for local authority and full representation 
from the community. Achieving this level of local involvement will require a fundamental change in the approach used by 
most agencies. 

 Key to any program is the role of the administering organization, whether it is government or private. The administering 
organization generally acts as the ultimate authority and dictates the decision-making process. Based on the hierarchy of 
authority, programs are commonly categorized as either "topdown" or "bottom-up." For example, most programs based in 
the federal government are in the "top-down" category, because decisions are made at the higher levels of government. 
Although some authority to make decisions is delegated to state and local governments, the federal agency retains control. 
The more authority that is exercised from the "top," the less likely it is to be received favorably at the local level. This 
"top-down" strategy is suitable for programs with nationwide applications or resources of national interest, but it is poorly 
suited to addressing complex problems and opportunities at the local level. 

 In contrast, a "bottom-up" strategy focuses the decision making at the local level. This approach of "local people solving 
local problems" has been advocated by both government agencies and commodity producers. Speaking for the U.S. 
Environmental Protection Agency, Thomas (1985) stated that it is only at the state and local level that enough flexibility 
exists to make the site-specific and source-specific decisions required for success. On behalf of the livestock industry, Coy 
(1985) made two points in support of locally based programs. First, improved communication is needed among 
government, farmers, scientists, and the general public. Second, cooperative solutions should be emphasized over 
government dictum. Within the "bottom-up" strategy planning is conducted at the local level. This gives local people 
ownership in the plan, because it is a compilation of their ideas that fit their needs. 

 Upper levels of government do play important support and regulatory roles for a "bottom-up" program. They do so by 
providing technical assistance, costsharing programs, grants, and enforcement of state and federal laws (such as the Clean 
Water Act, the Endangered Species Act, and state environmental laws). The need for complementary federal programs 
that enable this approach should not be underestimated. The combination of such federal, state, and local efforts is the key 
to protecting the nations' river systems (Doppelt et al. 1993). 

 Events in the St. Louis River watershed in northern Minnesota illustrate citizen acceptance of local authority and 
rejection of a "top-down" strategy. The St. Louis River Board was formed in 1991 because of concern about the future of 
rivers in this watershed. The public, local government officials, and Fond du Lac tribal officials are represented on the 
board. The board was established specifically to formulate a comprehensive management plan for the wise use and 
environmental protection of the St. Louis River watershed (Hambrock and Murto 1993). The plan includes criteria for (1) 
protection of critical biological, historical, and archaeological resources, (2) recreational use of the river and adjacent 
lands, and (3) strong cooperative planning and management practices. 



 
 Ironically, 10 years earlier, the Minnesota Department of Natural Resources proposed a similar plan for a subbasin of 
the St. Louis River watershed. Although public input was sought, the Department's plan failed because it was perceived as 
state government interference in local affairs. In addition to the St. Louis River initiative, Minnesota has several examples 
of grassroots planning initiatives that now provide good resource protection (Pauley 1993). 

 The Watershed Committee of the Ozarks is another excellent example of a successful "bottom-up" strategy to addressing 
watershed needs. The committee is a nonprofit organization created by the citizens of Springfield, Missouri, to protect the 
drinking water supply of the Springfield-Greene County community. The committee includes citizens who represent the 
city, county, water utility, and the general public. 

 The Watershed Committee of the Ozarks reviews zoning laws, initiated development of a geographic information 
system for the area, and is the innovator of projects relating to nonpoint pollution, stormwater, and spring monitoring 
projects. The committee has addressed educational needs by developing a water resource library, developing a water-
testing program in schools, hiring a communication specialist, and producing multimedia presentations. These are all 
accomplished with funding from local, state, and federal governments (Bullard 1994). Local authority, strong community 
representation, and the discriminate use of higher-level government expertise and funding are the important attributes that 
make this watershed program effective. 

 In contrast, the Locust Creek Riparian Corridor Management Plan, proposed for north-central Missouri, reminds us that 
all stakeholder groups need to perceive a need for a project. This was a joint federal, state, and county project funded by 
Section 319 of the Clean Water Act. The project was designed by government planners and technicians, with much input 
from a small group of landowners. It centered on cost-sharing for streambank stabilization and purchase of riparian 
corridor easements. 

 Although landowners were surveyed to determine their concerns and level of interest, they did not act as decision 
makers. These landowners had a poor understanding of fluvial systems and a low regard for the ability of healthy riparian 
areas to protect channel stability, floodplain agricultural fields, and water quality. As a result, they did not comprehend a 
need to protect riparian areas and had not committed themselves to the project. Although improvements could have been 
made in the project design process, negative landowner attitudes probably would have prevailed, had the project 
proceeded, which it did not (M. D. Lobb, Missouri Department of Conservation memorandum, 15 June, 1995). Situations 
such as this exemplify the importance of evaluating participant attitudes and desires at an early stage so the project's 
direction and level of effort can be adjusted. 

Principle 2. Political Will Must be Developed 

In many watershed issues, numerous individuals, groups, and government entities must commit their support before 
significant changes can occur. Without such political support, adversarial views will dominate decision making, and the 
initiative will either be terminated or significantly altered to render it politically acceptable. In either case, the resource
will not receive protection or restoration benefits. 

 Sampson (1991) noted that solutions to environmental problems often represent as much political pain as the problem 
itself. In these cases, the politician has little incentive to support the solution, so no action is taken. The political path of
least resistance is followed. This scenario supports the concept that citizens lead and politicians follow. Missouri's stream 
program views this concept in a positive manner by acknowledging that good law is crystallized public opinion. The 
logical extension of this thinking is that support for protecting and restoring the riverine resource must develop from the 
grass roots (Wehnes 1992). The presence of strong grassroots advocacy provides incentive for politicians and government 
agencies to play a positive role.  

 Natural resource professionals experienced in coordinating politically charged issues know that citizen advocacy is 
essential to achieving resource protection. The need for citizen advocates is accentuated because most resource 
professionals are employed by government agencies. As agency employees, their freedom to act fully as advocates for the 
resource is often impaired by politics and agency policy. This results in citizen mistrust and apprehension toward working 
with agency staff. 



 

 On the other hand, private citizens possess the freedom, and its associated powers, to advocate on behalf of 
environmental concerns. Citizens must be given a legitimate opportunity to become active participants in issues that often 
are intimidating. Citizens can be intimidated because they may not be confident in their understanding of the subject, or 
because they may be inexperienced with the political process. A strategy is needed to alleviate this intimidation and to 
empower citizens to assume the lead in protecting natural resources. It has been said that knowledge fosters 
understanding, understanding fosters concern, and concern fosters action. These concepts outline a basic strategy for 
involving citizens. 

 Through effective public awareness and by providing opportunities that facilitate citizen involvement, knowledge and 
understanding can be promoted. If knowledge and understanding are attained, concern and meaningful actions will follow. 
How to Save a River by Bolling (1994) is an excellent book that details the steps vital to organizing a river protection 
initiative. One chapter of the book is devoted to increasing awareness and involving people. 

 Fostering knowledge and understanding within the private sector is a formidable and critical task. It requires 
organization and ample staff capability. One effective method is a canvassing outreach program. This method has been 
very successful for the Citizens Campaign for the Environment in New York and Connecticut. Canvass outreaching uses 
volunteers to make one-on-one contact to deliver both verbal and written information. This program informs citizens of 
watershed issues and guides them on how to effectively communicate with policy makers. 
 In Suffolk County, New York, outreach canvassing made the public aware of the long-term environmental and 
economic benefits of comprehensive water- shed protection. This led to approval of several legislative initiatives. 
Outreach canvassing had similar success in the rural area near Albany, New York, and the watershed of Long Island 
Sound Estuary. This method targets citizens of a watershed in a personal way with information about that watershed. It is 
a sound marketing strategy. 

 Missouri's program also has identified objectives for increasing public awareness and citizen involvement. Citizen 
involvement has been accomplished with the state's Stream Team program. Stream Team is a formal joint venture of the 
Conservation Federation of Missouri, the Missouri Department of Conservation, and the Missouri Department of Natural 
Resources. Goals of the program are to educate, foster stewardship, and develop advocates. 

 Membership in Stream Team is open to all citizens, and in eight years it has grown to 940 teams, representing about 
40,000 people. Growth has occurred without promotional campaigns, which is testimony to the latent environmental 
consciousness present in most of the country. Stream Team is a version of an adopt-a-stream program that aspires to move 
members beyond traditional cleanup projects and into resource advocacy. Members are asked to "adopt" a stream that 
interests them and are provided a Stream Team inventory booklet that guides them through a qualitative assessment as 
they canoe or walk their adopted stream. 

 This program has resulted in many benefits to the riverine resource: greenways have been established, harmful projects 
have been stopped, restoration projects have been conducted, and political activism has been exercised on key issues. A 
major accomplishment has been the formation of the Volunteer Water Quality Monitoring Program that trains Stream 
Team members to collect water quality data for the Department of Natural Resources. Six hundred individuals have been 
trained and are collecting data on 1,900 miles of stream (J. Bachant, Missouri Department of Conservation, personal 
communication). 

 This case history illustrates the potential advocacy strength that lies within the general public. It may be latent, but it is
viable and represents opportunities for resource professionals to motivate citizens and to develop the political will that is 
needed to create positive change in watershed management. 

Principle 3. Educational Needs Must be Identified and Addressed 

Education is an essential component of effective riverine or watershed management. A basic understanding of the 
scientific processes affecting these ecosystems is essential to a good understanding of a watershed. Common areas of 
scientific information required are hydrology, fluvial processes, and biota (Williams et al. 1997a, this volume). However, 



 
just as important for an accurate perspective is economic, social, and political information (Preister and Kent 1997, this 
volume). 

 In many cases, disseminating such information raises the awareness necessary to develop needed political support. For 
water and land users, this is often the first information that permits understanding of the impact of their actions on the 
resource. This basic understanding raises the environmental consciousness of these groups. It helps them to understand 
best management practice, which is the most effective and practical method of preventing or reducing pollution generated 
by a specific source. Early education can establish the rationale for a best management practice, and it can provide an 
opportunity for local people to evaluate proposed best management practices and to develop their own ideas. Often, it is 
the responsibility of participating resource professionals to assess the educational needs of an issue and to coordinate 
appropriate training. Meeting these educational needs in a timely manner will facilitate the entire process. 

 A case in point is Missouri's attempt to provide better resource protection against instream gravel mining. The ad hoc 
group formed to develop new regulations included representatives from regulatory agencies, regulated agencies, the 
mining industry, private conservation groups, and the Missouri Department of Conservation. Coordination activities soon 
revealed the need to raise the awareness of gravel mining impact, fluvial processes, and regulatory options. 

 Groups targeted for awareness efforts were agency representatives and their administrators, industry representatives, and 
private conservation group members. Each was provided similar information, but the content and presentation method 
were tailored to each group. This garnered administrative support and reduced contention by neutralizing many issues that 
were based on misconceptions and false information. Clearing the politically charged atmosphere of misconceptions is a 
positive step toward reaching a solution. 

 The physical and biological aspects of fluvial systems are challenging subjects to teach. One reason is that very few 
people, including resource professionals and engineers, have been exposed to these subjects. The absence of formal 
instruction leaves a void that is typically filled with misconceptions and false information. Teaching must dispel these 
erroneous, preconceived ideas and communicate correct information. 

 A second reason that the aspects of fluvial systems are hard to teach is that many hydraulic, hydrologic, and fluvial 
geomorphic principles are complex and difficult to grasp. For example, many people do not understand that a 
channelization project may increase upstream channel instability by increasing stream energy. The ability to understand 
such concepts is important to gaining public support necessary to restore watersheds. 

 Innovative methods of communicating complex information need to be used. The use of functioning models that 
simulate fluvial processes are invaluable teaching tools, because they hold students' attention and transfer the information 
better. Guy and Denson-Guy (1995) presented the four sensory modalities used in the learning process: visual, auditory, 
tactile (touch), and kinesthetic (movement). Research has shown that each individual uses all four but is best suited to use 
one modality. An advantage of functioning models is that they can be used in a format that presents the information in all 
four modalities, which should improve the educational experience for all. Such models increase the instructor's ability to 
communicate. Examples of good working models are the model stream (Gough et al. 1990), the Streamlab hydraulic 
demonstration flume (Newbury 1994), and the sand tank groundwater model (Mechenich 1990). 

 The model stream (Figure 11.1) is a rectangular water-tight box set at a desired slope and filled with a specific mix of 
granulated plastic. A stream channel is formed in the plastic substrate, and water is circulated to the head of the model 
stream. Basic principles of fluvial channels can be demonstrated. This model has proven to be effective with people from 
many disciplines, age groups, and educational backgrounds. It has been an invaluable instructional tool in critical issues 
such as channelization, instream gravel mining, and riparian corridor protection. 

 The Streamlab hydraulic demonstration flume (Figure 11.2) is a miniature flume whose image is projected onto a 
standard screen with an overhead projector. It is a good instructional tool for demonstrating the varied flow patterns 
associated with different structures in rivers and streams.



 
 The sand tank groundwater (Figure 11.3) is designed to teach characteristics, movement, and potential for 
contamination. A well developed functioning model will have an instruction manual and, preferably, an accompanying 
videotape to ensure that new concepts are communicated correctly. 

 FIGURE 11.1  Model stream used to demonstrate the basic principles of stream channel formation and   
 change. 

Figure 11.2  Hydraulic flume model used to demonstrate various streamflow patterns associated with in- 
 channel structures. 

 Providing technical assistance in development and demonstration of best management practices is another important 
educational responsibility for resource professionals. This role must be recognized and accepted, because the impetus and 
expertise often are lacking in the private sector and some agencies to lead in providing technical assistance. Commodity 
producers often view the development and adoption of best management practices as a staffing and economic cost that 
will not provide timely economic return, if any. Skepticism over the severity of riverine and watershed problems, and any 
subsequent need for best management practices, also fosters apathy toward their development. However, if change from 
the status quo is advocated, then land and water users must have alternative practices that will ensure their economic 
stability and enhance the resource. 



 

FIGURE 11.3.   Sand tank groundwater model used to demonstrate changes in groundwater 
aquifers and potential contamination by chemical pollutants. 

 Ideally, best management practices should be developed very early in the riverine or watershed restoration and 
protection process. Although resource professionals must take the lead, commodity producers and other individuals 
expected to use these new practices must be closely involved with their development. Ownership in the development of 
new ideas will promote acceptance by their peers. Working with landowners, on their land, is an important facet of this 
approach. A well-conceived technical assistance strategy will address pertinent social and economic issues as part of the 
development and adoption process for best management practices. 

 The U.S. Natural Resource Conservation Service, formerly the Soil Conservation Service, has exercised this focus on 
obtaining local input and meeting local needs for many years (Helms 1993). Through this approach, the U.S. Natural 
Resource Conservation Service has had a strong influence on agricultural practices. The use of terraces, contour farming, 
and minimum tillage are all significant conservation practices that have been adopted by commodity producers and have 
increased long-term productivity and profitability. Chancy et al. (1990) described case histories of best management 
practices for riparian areas, demonstrated on lands in Oregon, Utah, Texas, South Dakota, Nevada, Idaho, and Arizona. 
These successes are similar, in that solutions were developed locally and proved to be advantageous for both stream health 
and for livestock producers. 

 Meeting educational needs does not ensure the adoption of watershed protection and restoration practices. However, 
ignoring these needs will assure the failure of such efforts. 

Principle 4. Clear Goals Must be Developed 

Well-developed goals should determine the spatial scale and approximate time line of the project. The scale could be a 
large watershed, or it could be approached subbasin by subbasin (Ziemer 1997, this volume). Working on a large scale 
may offer greater efficiency, but it also may preclude the flexibility required to develop site-specific and source-specific 
solutions. The time line must be realistic so that all participants have reasonable expectations for the time required to 
achieve expected results. 

 Setting goals also helps to define real problems, rather than just identifying symptoms that too often are the focus of 
habitat-improvement projects. A case in point is streambank instability. An eroding bank is often the focus of concern, but 
it is generally a symptom of a larger problem, such as vertical instability, alteration of the watershed's hydrology, or 



 
physical removal of vegetation from the banks. A properly developed goal would address a problem like eroding banks 
within the broader context of their cause. 

 This does not imply that a symptom should never be addressed until the cause is identified and corrected. Sometimes the 
cause cannot be pinpointed, and the symptom (the eroding bank in this example) must be addressed. In other cases, the 
cause may be apparent, but incurable. A common example is hydrologic change and subsequent channel instability 
resulting from urbanization. In such cases, identifying the cause is still important because it provides information needed 
to properly design channel-stabilizing projects and to guide further urban development planning. 

 Agency resource professionals have important roles in goal development. They can supply technical information, 
organizational logistics, and support services in the early stages of a watershed project. This allows them to make 
important contributions while maintaining the position of an objective participant. (This is not meant to imply that the 
resource professional should attempt to be neutral on significant issues.) Once goals are established, they will guide the 
entire effort, so it is essential that the goals be developed with sound scientific input of resource professionals. 
Angermeier (1997, this volume) provides a conceptual framework that should be understood prior to establishing 
restoration goals for specific watersheds. 

 A single authority should take the lead in a watershed restoration or protection project. Leadership is essential to 
retaining organizational structure, continuity, and direction. The lead organization must have both the credibility and the 
resources to conduct the required tasks. A private organization should take this role, or a leadership group can be formed 
with representatives of the participating groups. A key characteristic of the lead authority is that it is committed to the full-
watershed strategy of land and water management. 

Principle 5. A Watershed Analysis Should be Conducted 

Watershed analysis provides the essential information needed to write project goals. This basic analysis guides the goal-
setting within the watershed context and prevents it from becoming too narrowly focused. Although the level of detail can 
vary greatly, some common types of information include geology, soil types and erosion hazards, channel development, 
hydrology, water quality, pollution sources, unique habitats, and biological community information. High-quality maps 
always are useful and often are critical. 

 Watershed analysis also provides continuity to information flow as the project progresses and as new participants join. 
Project documents provide an organized approach to problem identification and act as an educational tool for all interested 
parties. Ziemer (1997) summarizes the watershed analysis process, its intent, and critical components. 

Principle 6. Concerns of Key Stakeholders Must be Understood 

Agencies must clearly communicate their intent and have a good understanding of the concerns, perspectives, and 
capabilities of the stakeholders. Attaining this understanding is often difficult, because skepticism may exist between 
landowners and agency representatives. Landowners fear the loss of private property rights, and agency staff question the 
landowners' level of environmental concern and commitment. Such mutual distrust inhibits good communication. 
However, developing an understanding between these groups provides more accurate perspectives and establishes the 
credibility needed to produce positive results. 

 Conducting surveys is a good way for agency personnel to gain a better understanding of landowners. Surveys can be 
expensive and time-consuming, but they offer valuable insight on landowner perceptions of problems and potential 
solutions (Wehnes 1992). Surveys also provide basic information on gender, income, location, landowner status, and 
income commodity. 

 In central Iowa's Bear Creek watershed, Colletti et al. (1994) used a survey to assess perceptions of water quality, to 
identify uses of Bear Creek, to determine perceived sources of pollution, to identify conservation practices in use, and to 
determine the willingness of the watershed's residents to pay for water quality improvement. Survey results were intended 



 
to help define best management practices that would be economically feasible, environmentally sound, politically 
expedient, and socially acceptable. Responses from farmers, absentee landowners, and nonfarmer groups were compared. 
A key factor in this survey was the use of farm leaders from within the watershed to review and refine the survey. Such a 
thorough, objective survey provides valuable insight into the attitudes of all watershed residents. 

 However, surveys are an impersonal contact, requesting substantial information from a cross section of watershed 
residents. Questions must be carefully worded to reduce biased answers and to reasonably avoid offending those 
surveyed. Nonrespondents to the survey should not be ignored, for they too are providing another sort of information 
input. Professional pollsters are recommended for survey development and data analysis. 

 Understanding the attitudes of watershed stakeholders is important. But it also is important to understand how they make 
decisions to change land and water use practices. This information can expedite development and adoption of best 
management practices. Rogers (1962) and Preister and Kent (1997) explain how innovative ideas are accepted into local 
communities. The diffusion of new ideas depends upon each individual's willingness to try new ideas. Categorizing 
community members according to their willingness to accept new ideas is called the diffusion model (Rogers 1962). The 
model consists of five categories: innovators, early adopters, early majority, late majority, and laggards. Although each 
category is specifically described, there is an assumed continuum among the five categories. 

Innovators are critical to the diffusion process because they bring new ideas into the community. Key attributes of the 
innovator are the ability to apply complex technologies and to cope with a high degree of uncertainty. They also must 
have the financial resources needed to institute new ideas, and to absorb the loss if they do not work. 

Early adopters are more closely identified with the majority, but they are open to new ideas. This position in the social 
system makes them influential in the widespread adoption of new ideas. Their primary role is to decrease the uncertainty 
about new ideas and to diffuse information within the community. Early adopters are sought by resource managers to 
speed the diffusion process. 

Early majority group members follow with deliberate willingness, but seldom lead. Members of this group adopt new 
ideas just before the average member of society does, and they are an important link in the adoption network. 

Late majority members are skeptics. They can be persuaded of the need for change, but peer pressure is needed to make 
them actually change. This group does not facilitate the adoption process. 

Laggards are those who base their decisions on tradition, so they are generally the last to adopt new ideas. 

An understanding of the inherent differences in how people adopt new ideas can be used to evaluate individuals for 
different roles in restoration. For example, those who are laggards or late majority members would not be good candidates 
for testing new best management practices. 

 Although useful, the diffusion model must be supplemented with knowledge and trust gained from frequent personal 
contact to fully understand those who will adopt innovations. 

 Hooks et al. (1983) pointed out that the diffusion model does not adequately consider economic constraints on decision 
making. The diffusion model implies that access to information is the major factor affecting adoption. It assumes that 
innovators and early adopters who are given a new idea will convey it to the rest of the community. However, farmers 
who lack adequate financial and land resources cannot adopt some ideas, regardless of their desire to do so. In addition, 
commodity producers are motivated to reduce cost and increase income. Thus, best management practices that are 
contrary to this primary objective will not be considered favorably. Misjudging the importance of economic factors is a 
common mistake of resource professionals, so economic constraints must be thoroughly evaluated and addressed. 

 Economic and social concerns of stakeholders, regardless of their background, must be acknowledged in an objective 
manner, accounted for whenever possible, and continually evaluated for probable effect on project success. Resource 



 
professionals must use frequent personal contacts to build trust within the community, to understand citizen needs, and to 
gain widespread adoption of new ideas. 

Principle 7. Programs and Projects Must Have a Strong Scientific Foundation 

Establishing a technical base should precede all other activities of a riverine or watershed restoration project. The fact 
that good decision making is dependent upon good information dictates the need for a strong scientific base upon which to 
formulate watershed solutions. The best available information is needed regarding the extent of a problem, its cause, and 
its solution. Proceeding into a project without credible information jeopardizes the project's success because it causes 
confusion. This leads to participant insecurity and project failure. Credibility loss from scientific incompetence also makes 
subsequent projects more difficult to promote. A strong scientific base improves agency credibility, allows better 
understanding of problems, and sets the stage for making good decisions. 

 An acceptable level of scientific competency should be possessed by all staff members to ensure correct and consistent 
communication. An efficient method of providing a strong scientific base is through the use of interdisciplinary teams. 

Principle 8. Clear and Frequent Communication 

Many watershed stakeholders are unfamiliar with watershed issues and concepts. These must be introduced and 
reinforced regularly. Until familiarity is achieved, public support will be lacking. To achieve effective communication, 
information must travel in both directions, so resource professionals always should seek input from other participants. 

Principle 9. Watershed Projects Should be User-Friendly 

Realistically, the logistics of many watershed projects become the responsibility of a government agency and the 
resource professionals it employs. Tailoring the project to its users will reduce confusion and frustration and produce a 
positive attitude toward the project. Communicating clear project objectives, providing a streamlined process for permits, 
and reducing duplication among agencies also will ease frustration. To improve implementation, logistics should be 
coordinated with representative users. 

Principle 10. Project Monitoring and Evaluation Should be Ongoing 

Riverine and watershed projects are large and complex, making it difficult to stay focused and on schedule. However, 
flexibility is also important. The project must retain its focus on goals while being flexible with strategy. Continual 
monitoring and evaluation are needed to handle unexpected occurrences and to ensure project effectiveness (Kershner 
1997, this volume). The evaluation process is facilitated by fully employing the other nine coordination principles because 
the project will be well-designed and frequent communication will have revealed areas of concern. The time line 
established during goal development should be adjusted as needed. 

 These 10 resource management coordination principles facilitate good planning based on sound scientific information, 
all of which is well-communicated throughout the project. Such projects are tailored to the needs of the watershed and 
offer greater potential than many traditional regulatory-based programs dictated by government agencies. However, the 
watershed strategy presents unique challenges that require resource professionals to evaluate their perspectives and 
priorities.

IMPLICATIONS TO RESOURCE PROFESSIONALS

 Resource professionals are critical in watershed restoration and protection, but many of their roles are nontraditional. 
For example, fisheries biologists traditionally have focused on fish population dynamics, exploitation, and closely related 
management. Expanding those functions to encompass a watershed perspective greatly increases the complexity and alters 
the role of the position. Although the watershed strategy rationale is widely accepted, not all professionals willingly 
accept the changes required. Individuals having the aptitude and inherent attraction to riverine and watershed work should 
be recruited for these positions.  Attempting to mold other aquatic professionals into these positions is a disservice to them 
and the resource. 



 
 The nontraditional roles induced by the watershed strategy often require expertise in hydrology, geomorphology, 
economics, water and land use disciplines, and social ecology. Meeting these requirements holds significant implications 
for resource professionals. The most fundamental challenge they face is the technical preparation to fulfill these functions. 
Willard and Kosmond (1995) point out that agencies often lack trained professionals who combine an interdisciplinary 
background with an interest in ecological restoration. Continuing education courses can provide the training, but resource 
professionals must promote the need for such training. 

 Beyond being technically prepared, resource professionals need to communicate their knowledge effectively. Significant 
challenges of public relations and communication are faced in presenting scientific information on watersheds to an 
audience as diverse---and often polarized---as watershed decision makers. Achieving effective communication requires 
resource professionals to seriously consider the steps needed to succeed. One option is for lead agencies to hire public 
relations consultants having rural and urban social science skills. They can help guide the planning process. 

 Carter (1992) clearly outlined the rationale for fisheries professionals to apply when evaluating communication 
techniques used in the past to promote watershed aquatic protection and restoration agendas. This experience is based on 
the 1985 Bay Restoration and Protection Plan and associated programs directed at the Chesapeake Bay and its watershed. 
Aquatic ecosystem protection cannot be achieved through plans developed solely by fisheries managers and select users. 
The lack of personal interaction with others in the private sector, such as elected officials and planning-zoning staff in the 
watershed ensures inadequate representation for the aquatic resource. 

 When those outside the natural resource disciplines fail to represent the aquatic resource adequately, one should not 
assume a disregard for the resource. It simply reaffirms the old marketing axiom that personal contact is the most effective 
form of communication---and resource professionals have the responsibility for making those contacts. Several planning 
agencies interviewed in the Chesapeake Bay program provide insights for fisheries biologists. These planners explained 
that they did not have the expertise to factor in fisheries considerations and would welcome input from fisheries 
biologists, if it could be made specific to a locality, if it were presented in a timely and unbiased manner, and if 
information were of quality sufficient for decision making. 

 In addition to increased personal interaction, effective communication is facilitated if resource professionals understand 
the common factors that make it difficult for aquatic and riparian ecosystem protection to be a convincing argument. 
Effective ways of dealing with these factors must be developed, because they will arise regardless of the specific issue at 
hand, whether it is land use in the Chesapeake Bay watershed, instream gravel mining in Arkansas, or riparian corridor 
restoration in Illinois. The following eight factors were identified by Carter (1992) and Missouri's experience in a 
statewide stream management program. The argument for ecosystem protection is difficult because 

1.  individual actions cause cumulative impact, but proving a demonstrable connection between the two is often 
impossible;

2.  the basic concepts of fluvial processes are foreign to most people and difficult for many to grasp; 
3.  recommendations must often be based on the literature or theory, rather than data collected from the locality of 

concern;
4.  effects on the resource usually cannot be quantified (e.g., in many cases the specific proportion of the biotic 

community that will be affected by an individual action or cumulative impact cannot be cited); 
5.  the results of recommended changes in the upper watershed will have to work through a complicated set of 

ecosystem linkages to affect the aquatic ecosystem; 
6.  those with a poor understanding of watershed dynamics have unrealistic expectations about the rate at which the 

resource will recover due to restoration activities; 
7.  Long-term, complex ecological benefits are difficult to make convincing when compared to short-term economic 

gains; and 
8.  most often, resource professionals must prove that an action significantly affects the resource, rather than the user 

having to prove a minimal impact upon the resource. 

 Developing strategies to overcome these factors is just one challenge facing resource professionals as they assume the 



 
role of coordinators and technical advisors in watershed management. Traditional roles must be altered and steps should 
be taken to prepare professionals for these changes. Professionals in academic, management, research, and administrative 
positions must adjust their perspectives and priorities. 

 The implications of the watershed strategy are nowhere more acute than for resource professionals who have agency 
management responsibility. Strong support from line managers and administrators is needed to carry out successful 
riverine and watershed restoration and protection. Committing the required trained personnel and entering new areas of 
coordination and cooperation mandate strong leadership and a commitment to a long-term vision of the watershed 
strategy's potential. 
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1. Who lives in the watershed? 
2. How do residents earn their livelihoods? 
3. How do residents use and impact the natural resources of the watershed? 
4. How do the conditions of the natural resources impact residents? 



5. What vision do residents have for the watershed?  What is important to residents? 
6. What are the residents’ opinions about the proposed watershed management plan? 

MDC has a Human Dimensions Working Group (HDWG) composed of specialists 
from within and outside of MDC (please see list below).  The HDWG is 
knowledgeable about existing fish, forest, and wildlife secondary market 
research and market research methodology. 

o Tom Kulowiec 
o Ron Reitz 
o Heather Scroggins 
o David Thorne 
o Tom Treiman 

http://mdcsharepoint/sites/resourcescience/Documents/Forms/RS.aspx?RootF
older=%2fsites%2fresourcescience%2fDocuments%2fHuman%20Dimensions&F
olderCTID=&View=%7b52046DA8%2dD8DB%2d4218%2dAD47%2dE6BB30890A
05%7d 
MDC sharepoint provides existing fish, forest, and wildlife market research. 

Decker, D. J., T. L. Brown, and W. F. Siemer.  2001.  Human Dimensions of 
Wildlife Management in North America.  The Wildlife Society, Bethesda, MD.  
447 pp. 

http://cares.missouri.edu/ 
CARES integrates the social, physical, and biological sciences to better 
understand human, natural resource, and environmental issues and problems.  
The site is useful to assist with basic resource inventories and demographics 
down to the 14 digit hydrologic unit. 
 
http://www.ssi.nrcs.usda.gov/index.html 



The website is described as, “Social Sciences -Linking people and conservation.”  
The site provides social and economic farm data at the county level.  It also 
includes marketing and environmental psychology tools. 
 
http://www.hd.gov/HDdotGov/
HumanDimensions.gov, or HD.gov for short, is an interactive informational 
website and a portal with featured links related to the human dimensions of 
natural resource management. HD.gov guides users to credible on-line 
information, including methods, on-line tools, publications, and a calendar 
of events. 

http://www.csc.noaa.gov/surveydesign/wheel.html 

http://www.csc.noaa.gov/socialscience/stics.html 
Using socioeconomic data can help coastal and resource managers gain a better 
understanding of geographic trends in human behavior, learn the relationship 
between humans and the environment, and help make more informed 
decisions. 
 
http://factfinder.census.gov/home/saff/main.html?_lang=en 
American fact finder provides census data (population, economics, age, sex, 
education, etc.).   Facts can be queried by country, state, county, town/city, or 
zip code. 
 
http://mcdc2.missouri.edu/ 
Provides Missouri census data. 

 
Additional market research and social marketing concepts can be found on the 
Internet.  Identifying the potential target audience(s), issue(s), or habitat(s) is 
critical to avoid information overload.  For example, if you want to know learn 
more about Missourians’ attitudes towards water quality, search for, “Missouri 
water quality + human dimensions”.  
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Partnership Guide to Marketing 

Leadership Identification and Group Dynamics

Alliance/Partnership Building 

Legislative Affairs

Conflict Management 

Information Gathering Techniques

Reaching Out to Minority Groups

Guide to Direct Mail

Media Relations

How to Obtain These Materials 















































 



















MISSOURI DEPARTMENT OF CONSERVATION 

STREAM IMPROVEMENT CERTIFICATION POLICY 

Subject:  Qualification required to diagnose stream problems and to design and install 
stream improvement work.  

Policy:  It is the joint intention of Design and Development Section, Fisheries, 
Forestry, Private Land Services, and Wildlife Divisions to ensure that stream 
improvement work is conducted by qualified personnel.  This policy applies to all 
stream improvement activities that receive funding or technical assistance from 
the Department.  Any employee responsible for developing or approving stream 
improvement projects on public or private flowing waters must be certified to 
make recommendations at a specified level.  This policy ensures: stream 
improvement efforts are conducted wisely and efficiently, the Department’s 
credibility in stream improvement is enhanced, our liability risk is reduced, and 
staff competency is maintained.  

Certification 
Guidelines: Personnel must meet the following to design or approve stream improvement 

projects on public lands or give technical advice for such projects on private 
lands.

 Employees:  

A. must have successfully completed coursework in stream hydraulics, hydrology, 
geomorphology, holistic stream management, bank erosion control, and instream 
habitat development.  This coursework may be obtained from the Stream Unit’s 
Stream Management Workshop, college courses or other approved sources.

B. must pass the required test administered by the Stream Unit.  

C. Who are responsible for developing project plans and providing stream 
recommendations must also demonstrate, within two years of completing Sections 
A and B requirements, proper field application of the subject material.  MDC staff 
must submit a total of eight approved project plans, landowner recommendation 
letters, and/or 404 stream mitigation plants to Stream Unit technical staff for 
review and approval.  Stream Unit personnel will provide written comments on 
these documents within seven working days and will provide approval when the 
documents are ready for distribution. Upon satisfactorily completing, the 
employee is no longer required to have non-rock related projects or 
recommendations approved by the Stream Unit.  

Stream Improvement Recommendation Levels: 

The following levels have been developed to protect the landowner, biologist and the 
Department from unnecessary problems and possible liability.  These are:  



A.  Regional approval of stream improvement plans and recommendations. 

Who can approve? : Regional Supervisors who have passed the test identified in 
Certification Guidelines, item B above. 

B. Vegetative recommendations for riparian corridor management.

B1.  When the request was made for forest or wildlife improvements. 

Who can make recommendations? : MDC employees  

If recommendations were generated by a request for assistance with 
improving the forest resource or improving wildlife habitat and these 
recommendations do not include clearing of the stream corridor, 
recommendations should be handled in the normal process of the Division 
making the recommendations. If they include clearing of the corridor or 
major modifications of the corridor area, the Stream Unit will be 
contacted.

B2.  When the request was made as a stream contact or the original 
contact turned to stream issues. 

Who can make recommendations? :  MDC employees who have 
completed the coursework outlined in Certification Guidelines, item A. 

If recommendations only pertain to corridor vegetation management then 
prepare the letter, obtain required supervisor review, mail the letter to the 
landowner and mail a copy to your Stream Services contact for inclusion 
into their files.  Your Stream Services contact will also review the letter 
before mailing if requested.  

C. Use of biotechnical practices. 

Who can make recommendations? : Certified staff (those not yet certified refer 
to Certification Guidelines, item C).  

If a biotechnical practice is recommended, then prepare the letter, obtain required 
supervisor review, mail the letter to the landowner and mail a copy to your Stream 
Services contact for inclusion into their files.  Your Stream Services contact will 
also review the letter before mailing if requested.  

D. Structural using rock or requiring engineered practices.

Who can make recommendations? : Professional Engineers; inside MDC or 
contracted outside.  



If your recommendation involves the use of rock, only general recommendations 
regarding rock based stabilization can be made by MDC staff who are not 
licensed engineers.  The policy, Criteria for Using Rock-Based Bank Stabilization 
& Grade Control on Public and Private Lands (in Appendix of the Stream 
Management Workshop notebook) should be reviewed before recommending 
rock-based stabilization.

There is one exception, certified staff can recommend reinforced stream crossings 
as long as the crossings are installed at bed level and meet the other criteria for 
crossings.  Your Stream Services contact should be consulted on your first five 
crossing recommendations.  

MDC engineers are available to design stabilization projects if cost-share money 
is involved.

E. Other. 

Who can make recommendations? : Certified staff.  

When the project you are recommending does not fit any of the above 
descriptions and may have an impact on the stability of the channel (i.e. log jam 
removal, bridge replacement or removal, dam removal, etc) Stream Services staff 
should be included in the decision making. 

Revocation of Qualification: 

A. Qualification will be revoked if an individual demonstrates gross negligence in 
conducting stream improvement duties.  This will be decided by the Stream Unit 
and D & D Engineers with input from Region Supervisors.

B. An individual may be requalified by completing all of the requirements listed in 
Sections A, B and C of the Certification Guidelines listed above. 



Missouri Department of Conservation Criteria for Using 
Rock-Based Bank Stabilization & Grade Control on 

Public and Private Lands



Criteria for Using Rock-Based Bank Stabilization & Grade Control on Public and Private 
Land

Introduction:  Streams are dynamic and constantly adjusting to changes in water discharge, 
sediment discharge, energy and vegetation.  When rock-based stabilization techniques 
are used, it limits the stream’s ability to adjust.  Also, the use of rock can drastically 
move the channel, resulting in damage to private and public property.

The Department should not endorse rock-based stabilization unless one of the four following 
conditions is met:  

 1)  The unstable reach cannot be stabilized using biotechnical methods (i.e. toe too deep 
for a tree revetment) and the eroding reach is located in a much longer reach that is 
stable.

 2)  The instability is threatening or degrading one of the following:
  a)  critical habitat for a rare, threatened or endangered species or
  b)  a rare habitat (aquatic or terrestrial) in the watershed, and a biotechnical 

solution is not feasible  
 3)  The rock-based stabilization is being installed as a demonstration of a technique that 

meets Regional objectives.
 4)  The rock-based stabilization is for the purpose of grade stabilization.

In addition to meeting one of these four conditions, each rock-based stabilization project shall 
meet all of the conditions listed below:

1) The Department should not be cost-sharing on a project where high –value 
property is threatened.  A Department Engineer may comment on a project 
involving high-value property as long as the Engineer recommends that the 
landowner obtain the services of a Professional Engineer for the final design.  
High value property is defined as structures including buildings, bridges, roads, 
utility lines, etc.

2) The stream should be vertically stable.  The exception to this is if the project is 
for the construction of a grade control structure.  

3) The Department is obtaining corridor protection in exchange for our 
assistance.  Protection includes livestock exclusion and, where applicable, 
revegetation.  The exception to this is when livestock access to the stream is 
via a “Reinforced Stream Crossing” or a “Limited Access”.  Width of 
corridor protection shall be as per the Department’s cost-share agreement.  

4) The reach must not be generally unstable.  For example, selecting one bank out of 
dozens that have been destabilized by channelization would not be appropriate, 
nor would attempting rock-based stabilization where, over a long period of time, 
the channel has been frequently shifting its location.

5) Financial feasibility and fiscal responsibility must be considered.  All projects 
should include a landowner cost share.  The financial feasibility of a project will 
be based on the resource protected, the MDC priority of the watershed and the 
cost.

 6)  The project has gone through the following review and approval process:



a) A field visit conducted by a stream certified MDC employee  
b) Recommendation by Stream Unit Staff for engineering assistance  
c) Screened/reviewed by Fisheries Regional Supervisor
d) Designed or approval of design by a D&D Professional Engineer.  This would 
include designs by Professional Engineers outside of D&D.  D&D engineer may 
develop conceptual design including estimated project cost and request 
confirmation of funding and landowner commitment prior to completing final 
design.

For other considerations, see the Stream Stabilization Technique Evaluation Process (STEP 1), 
as printed in the MDC’s Stream Management Workshop Notebook. 







with two protocols available for assessing the physical habitat at 
sampling locations (Tools 6.a., 6. b.).    Regardless of which method is chosen, it will be difficult to 
obtain valuable data unless a crew is well trained. goals and 
objectives should be developed and discussed and the time required to conduct surveys should be 
carefully considered.
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